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ABSTRACT 
This Scientific Opinion reports on a risk assessment on an application for placing on the market of genetically 
modified maize 59122 for import and processing for food and feed uses and cultivation. The EFSA GMO Panel 
considers that maize 59122 is unlikely to have any adverse effect on the environment, except for the possible 
evolution of resistance to the Cry34Ab1/Cry35Ab1 proteins in coleopteran target pests. The Panel recommends 
the  implementation  of  appropriate  and  diversified  insect  resistance  management  strategies  and  case-specific 
monitoring to delay and monitor the possible evolution of resistance to Cry34Ab1/Cry35Ab1 in coleopteran 
target  pests,  respectively.  In  addition,  the  Panel  recommends  revision  of  the  applicants‘  insect  resistance 
management  plan  and  the  proposed  post-market  environmental  monitoring  plan.  Although  maize  59122  is 
tolerant  to  glufosinate-ammonium-based  herbicides,  the  Panel  did  not  assess  the  potential  adverse  effects 
associated with the use of such herbicides on maize 59122, as maize 59122 will not be marketed in the European 
Union as a herbicide-tolerant crop. This Scientific Opinion updates the previous Panel safety evaluation of the 
food and feed uses, and import and processing of maize 59122 and derived products. The Panel concludes that 
the information available for maize 59122 addresses the scientific comments raised by Member States and that 
maize 59122, as described in this application, is as safe as its conventional counterpart and commercial maize 
varieties  with  respect  to  potential  adverse  effects  on  human  and  animal  health.  If  subjected  to  appropriate 
management measures, the cultivation of maize 59122 is unlikely to raise safety concerns for the environment. 
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SUMMARY 
Following the submission of an application (Reference EFSA-GMO-NL-2005-23) under Regulation 
(EC) No 1829/2003 from Pioneer Hi-Bred International and Dow AgroSciences LLC (referred  to 
hereafter as the applicant), the Panel on Genetically Modified Organisms of the European Food Safety 
Authority  (EFSA  GMO  Panel)  was  asked  to  deliver  a  Scientific  Opinion  on  the  safety  of  the 
genetically  modified  (GM)  insect-resistant  and  herbicide-tolerant  maize  59122  (Unique  Identifier 
DAS-59122-7) for food and feed uses, import and processing, and cultivation. As the scope of this 
application  also  covers  the  food  and  feed  uses,  and  import  and  processing  of  maize  59122,  this 
Scientific Opinion updates the previous EFSA GMO Panel safety evaluation of the food and feed uses, 
and import and processing of maize 59122 and derived products.  
In delivering its Scientific Opinion, the EFSA GMO Panel considered the application EFSA-GMO-
NL-2005-23,  additional  information  supplied  by  the  applicant,  scientific  comments  submitted  by 
Member  States,  the  environmental  risk  assessment  report  of  the  Competent  Authority  of  the 
Netherlands (NL CA), and relevant scientific publications.  
Maize  59122  expresses  the  cry34Ab1  and  cry35Ab1  genes  from  Bacillus thuringiensis,  conferring 
resistance to coleopteran insect pests belonging to the genus Diabrotica such as the larvae of western 
corn  rootworm  (WCR;  Diabrotica virgifera virgifera),  and  the  pat  coding  sequence  from 
Streptomyces viridochromogenes,  which  renders  maize  59122  tolerant  to  the  herbicidal  active 
substance glufosinate-ammonium. Although maize 59122 is tolerant to glufosinate-ammonium-based 
herbicides, the EFSA GMO Panel did not assess the potential adverse effects associated with the use 
of such herbicides on maize 59122, as maize 59122 will not be marketed in the European Union (EU) 
as a herbicide-tolerant crop. 
The EFSA GMO Panel evaluated maize 59122 with reference to its intended uses and the appropriate 
principles described in its guidelines for the risk assessment of GM plants and derived food and feed, 
the environmental risk assessment of GM plants, the selection of comparators for the risk assessment 
of  GM  plants,  and  for  the  post-market  environmental  monitoring  of  GM  plants.  The  scientific 
evaluation  of  the  risk  assessment  included  molecular  characterisation  of  the  inserted  DNA  and 
expression  of  target  proteins.  An  evaluation  of  the  comparative  analyses  of  the  composition  and 
agronomic and phenotypic characteristics was undertaken, and the safety of the new proteins, both 
individually and in combination, and the whole food/feed was evaluated with respect to  potential 
toxicity, allergenicity and nutritional quality. An evaluation of environmental impacts and the post-
market environmental monitoring plan was undertaken. 
The molecular characterisation data establish that maize 59122 contains a single insert of the T-DNA. 
No vector backbone sequences are present in the transformed plant. Bioinformatic analyses of the 
open reading frames spanning the junction sites within the insert or between the insert and genomic 
DNA did not raise safety issues. The levels of the Cry34Ab1, Cry35Ab1 and PAT proteins in various 
plant  parts  collected  from  field  trials  performed  in  Europe  have  been  sufficiently  analysed.  The 
stability of the inserted DNA and phenotypes was confirmed over several generations. 
Based on the results of compositional analysis of samples from a representative range of environments 
and  seasons,  the  EFSA  GMO  Panel  concludes  that  forage  and  kernels  of  maize  59122  are 
compositionally  equivalent  to  those  of  conventional  maize,  except  for  the  presence  of 
Cry34Ab1/Cry35Ab1 and PAT proteins. In addition, results from field trials did not show indications 
of unexpected changes in agronomic performance and phenotypic characteristics. 
The Cry34Ab1/Cry35Ab1 proteins induced no adverse effects in acute and repeated dose oral toxicity 
studies in  rodents.  In  addition, these  proteins  are  rapidly  degraded  in  simulated  gastric  fluid  and 
inactivated during heat treatments.  
A 90-day feeding study of rats fed a diet including kernels from maize 59122 at a level of 35 % 
indicated no adverse effects. A feeding study of broilers did not indicate differences in the nutritional Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
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value of maize 59122 versus the conventional comparator. These animal studies support the findings 
of  the  compositional  analysis  and  indicate  no  effect  beyond  the  intended  introduction  of  the 
Cry34Ab1/Cry35Ab1 and PAT proteins.  
Diets formulated with 59122 were shown to be as nutritious as those formulated with commercial non-
GM maize varieties. 
In a previous Scientific Opinion on maize 59122 for food and feed uses, the EFSA GMO Panel 
concluded that maize 59122 is unlikely to have any adverse effect on human and animal health in the 
context of its intended uses. The applicant performed for the current application a screening of the 
literature with respect to publications that could be considered as relevant to the risk assessment of 
food and feed uses of maize 59122 and that were not considered as part of the risk assessment in the 
previous  EFSA  GMO  Panel  Scientific  Opinion.  The  literature  search  revealed  several  new 
publications, the assessment of which did not change the previous conclusion that maize 59122 is 
unlikely to have any adverse effect on human and animal health in the context of its intended uses.  
As  the  scope  of  the  current  application  covers  cultivation,  the  environmental  risk  assessment 
considered the environmental impact of full-scale commercialisation of maize 59122. 
The NL CA provided to EFSA its report on the environmental risk assessment of maize 59122 on 
13 May 2008 in line with Articles 6.3(c) and 18.3(c) of Regulation (EC) No 1829/2003. The report on 
the environmental risk assessment of the NL CA is provided in Annex H of the EFSA overall opinion, 
and has been considered in this EFSA GMO Panel Scientific Opinion.  
Maize 59122 has no altered agronomic and phenotypic characteristics, except for the specific target 
insect resistance and herbicide tolerance. The likelihood of unintended environmental effects due to 
the establishment, survival and spread of maize 59122 is considered to be extremely low, and will be 
no different from that of conventional maize varieties.  
It is highly unlikely that the recombinant DNA will transfer and establish in the genome of bacteria in 
the environment or human and animal digestive tracts. In the rare but theoretically possible case of 
transfer of the cry34Ab1, cry34Ab1 and pat genes from maize 59122 to soil bacteria, no novel property 
would be introduced into the soil bacterial community and thus no positive selective advantage that 
would not have been conferred by natural gene transfer between bacteria would be provided. 
WCR has the ability to evolve resistance to the Cry34Ab1/Cry35Ab1 proteins, especially if maize 
59122 is used repeatedly and exclusively, and the WCR infestation levels are high. The possible 
resistance evolution to the Cry34Ab1/Cry35Ab1 proteins in coleopteran target pests is identified by 
the EFSA GMO Panel as a concern associated with the cultivation of maize 59122, as resistance 
evolution may lead to altered pest control practices that may cause adverse environmental effects. The 
EFSA  GMO  Panel  therefore  recommends  that  appropriate  risk  management  strategies  are 
implemented to delay and monitor resistance evolution. 
Based on the evidence provided by the applicant and relevant scientific literature on maize 59122, 
there are no indications of adverse effects on non-target organisms due to unintended changes in maize 
59122. 
The potential adverse effects of maize 59122 due to the expression of the Cry34Ab1, Cry35Ab1 and 
PAT proteins on non-target terrestrial (plant- and ground-dwelling), soil and aquatic arthropods, as 
well as non-target organisms that are not arthropods, are expected to be negligible in the context of its 
intended uses, except for chrysomelids. The risk of maize 59122 to non-target chrysomelid species in 
the field is low due to their low occurrence and abundance in maize fields and because of the low 
likelihood of encountering harmful amounts of pollen from maize 59122 in and around maize fields. 
Non-target adult chrysomelids, which may occasionally feed on maize 59122 plants, are not expected 
to be affected due to the low activity of the Cry34Ab1/Cry35Ab1 proteins on adults. Furthermore, the Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
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only protected chrysomelid species (Macroplea pubipennis) considered to be at risk across the EU 
(under Directive 92/43/EEC on conservation of natural habitats and of wild fauna and flora) does not 
occur in maize fields. 
The apparent activity of Cry34Ab1/Cry35Ab1 at high concentrations against the lepidopteran species 
(e.g., Ostrinia nubilalis and Sitotroga cerealella) was not expected based on the known spectrum of 
activity (Coleoptera only) of these binary proteins. The EFSA GMO Panel considers that there are 
indications  of  a  potential  hazard  to  Lepidoptera  owing  to  cross-order  activity  at  high 
Cry34Ab1/Cry35Ab1 protein concentrations. However, based on the submitted toxicity data and a 
theoretical exposure assessment, no risk to non-target Lepidoptera is expected from exposure to maize 
59122 pollen in the field.  
Despite the limited sequence similarity between Cry35Ab1 and dipteran-active binary toxins from 
Lysinibacillus sphaericus, no hazard to Culex quinquefasciatus and no risk to Diptera are expected 
from exposure to plant-produced Cry34Ab1/Cry35Ab1 and maize 59122. 
Based on general knowledge of the degradation of plant-produced Bt-proteins in soils and the overall 
concentrations  of  Cry34Ab1/Cry35Ab1  proteins  in  maize  59122,  it  is  unlikely  that  the 
Cry34Ab1/Cry35Ab1 proteins will reach soil concentrations that would affect non-target organisms, in 
context  of  the  intended  uses  of  maize  59122.  Although  no  risk  was  identified  in  the  short term, 
scientific uncertainties pertaining to the specific potential of Cry34Ab1/Cry35Ab1 to accumulate and 
persist in soil during subsequent years of cultivation of maize 59122 remain, owing to the lack of 
experimental evidence. Therefore, the EFSA GMO Panel recommends that the remaining scientific 
uncertainties can be resolved with data acquired during post-market environmental monitoring. 
Potential effects on soil microorganisms and microbial communities, as well as the ecosystem services 
they provide, due to the cultivation of maize 59122, if they occur, will be transient and minor, and are 
likely  to  be  smaller  or  within  the  range  currently  caused  by  other  agronomic  and  environmental 
factors. 
The conclusions of the EFSA GMO Panel are consistent with those of the NL CA, which concluded 
that ―cultivation of line 59122 poses a negligible risk to human health and the environment‖ (Section 8 
of the environmental risk assessment report of the NL CA).  
The EFSA GMO Panel evaluated the efficacy and made recommendations on the scientific quality of 
the insect resistance management plan proposed by the applicant. While caution must be exercised 
when  extrapolating  laboratory  and  greenhouse  results  to  field  conditions,  evidence  indicates  that 
several conditions contributing to the success of the high dose/refuge strategy are not met for maize 
59122 and WCR. Scientific uncertainties related to the appropriateness of the proposed strategy in 
delaying resistance evolution in WCR remain. Therefore, the EFSA GMO Panel does not accept the 
high dose/refuge strategy as  the sole insect resistance management strategy, and requires that the 
applicant‘s  insect resistance management plan should be complemented with additional resistance 
management  measures.  Stewardship  agreements  should  prescribe  diversity  in  cropping  and  WCR 
management practices, and recommend: (1) rotating fields to crops that are not hosts of WCR larvae; 
(2) alternating maize 59122 with other Bt-maize events that express one or more different Bt-protein(s) 
active against WCR; and (3)  using additional pest management  measures, such as insecticides or 
biological  control  agents,  only  when  and  where  necessary  in  maize  59122  fields.  The  additional 
recommendations  made  by  the  EFSA  GMO  Panel  to  revise  the  applicant‘s  insect  resistance 
management plan in terms of refuge requirements should also be implemented by the applicant.  
The EFSA GMO Panel recommends that resistance and compliance monitoring is conducted to allow 
the periodic evaluation of the adequacy and efficacy of the revised insect resistance management 
strategy. Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
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If  appropriate  insect  resistance  management  measures  are  implemented,  the  EFSA  GMO  Panel 
concludes that resistance evolution to the Cry34Ab1/Cry35Ab1 proteins in coleopteran target pests 
could be successfully delayed.  
The NL CA acknowledged the potential for resistance to the Cry34Ab1/Cry35Ab1 proteins to evolve 
within the  Diabrotica  spp.  population. The  NL  CA noted  that  ―the insect  resistance  management 
approach proposed by the applicant will only be adequate in case of recessive inheritance of Bt-
resistance‖, but did not assess the appropriateness of the insect resistance management plan further 
(Section 7.1 of the environmental risk assessment report of the NL CA).  
The EFSA GMO Panel gave its opinion and made recommendations on the scientific quality of the 
post-market environmental monitoring plan proposed by the applicant.  
The EFSA GMO Panel agrees with the two-pronged approach proposed by the applicant to detect 
early warning signs indicating increases in tolerance in WCR in the field. This approach consists of: 
(1) measuring the baseline susceptibility of WCR populations to the Cry34Ab1/Cry35Ab1 proteins 
and changes in that susceptibility in the EU; and (2) monitoring of unexpected field damage caused by 
WCR. The EFSA GMO Panel considers these two approaches complementary, because monitoring for 
WCR susceptibility is more likely to detect changes in susceptibility occurring at a broader spatial 
scale  than  reports  of  unexpected  field  damage  that  target  the  detection  of  localised  resistance. 
Acquired  data  will  also  contribute  to  resolve  the  remaining  scientific  uncertainties  related  to  the 
appropriateness of the high dose/refuge strategy in delaying resistance evolution in WCR, and allow 
the periodic evaluation of the adequacy and efficacy of  the revised insect resistance management 
strategy. 
The  case-specific  monitoring  plan  proposed  by  the  applicant  focuses  on  monitoring  resistance 
evolution  to  the  Cry34Ab1/Cry35Ab1  proteins  in  coleopteran  target  pests  only.  To  resolve  the 
remaining  scientific  uncertainties  pertaining  to  the  modelling  predictions  of  resistance  in  WCR 
populations owing to the cultivation of maize 59122, and the potential of the Cry34Ab1/Cry35Ab1 
proteins to accumulate and persist  in soil following subsequent years of continuous maize 59122 
cultivation, the scope of the case-specific monitoring as proposed by the applicant should be extended 
to include additional studies to address these issues too.  
The EFSA GMO Panel accepts the approach of the applicant to general surveillance, but requests that 
its recommendations to strengthen general surveillance are implemented.  
In its evaluation report, the NL CA expressed reservations about the conclusions of the applicant that 
no negative effects were found in one of the two lower-tier studies with the surrogate coccinellid 
species  Coleomegilla maculata.  The  NL  CA  noted  that  ―although  laboratory  toxicity  testing 
demonstrated a possible adverse effect on the growth of C. maculata larvae; in the field no such effect 
was observed on ladybird beetles‖. Nonetheless, the NL CA was of the opinion that ―the applicant 
should incorporate specific monitoring for ladybird beetles‖ in the frame of case-specific monitoring 
(Section 7.1 of the environmental risk assessment report of the NL CA). The EFSA GMO Panel agrees 
that the submitted data show that Cry34Ab1/Cry35Ab1 proteins may be toxic to C. maculata at dose 
levels that exceed field exposure. However, adverse effects were not seen at field dose levels when 
C. maculata  larvae  were  fed  a  mixture  of  natural  prey  and  pollen.  Because  C. maculata  is  not 
indigenous to Europe, the EFSA GMO Panel requested additional data on a representative European 
coccinellid  species.  In  response,  the  applicant  provided  lower-tier  studies  (including  tritrophic 
experiments)  with  the  focal  species  C. septempunctata.  Based  on  the  additional  toxicity  data  and 
estimated worst-case expected environmental concentrations, no hazard to C. septempunctata and no 
risk to coccinellids are expected from exposure to plant-produced Cry34Ab1/Cry35Ab1 proteins or 
maize  59122.  Therefore,  the  EFSA  GMO  Panel  concludes  that  case-specific  monitoring  of 
coccinellids is not necessary.  Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
 
7  EFSA Journal 2013;11(3):3135 
With regard to general surveillance, the NL CA concluded that ―general surveillance will take place 
through a predefined format that will be provided to the growers and other users of 59122 maize. An 
example of the format is included in Annex VII. This is considered to be sufficient. It is indicated by 
the applicant that reporting to the EC will take place immediately if any adverse effects arising from 
59122 maize will be reported. Other reporting of results of the case-specific and general surveillance 
will be according to the requirements of the consent‖. The NL CA advised to report results on an 
annual basis (Section 7.2 of the environmental risk assessment report of the NL CA). 
In conclusion, the EFSA GMO Panel considers that maize 59122 is unlikely to have any adverse effect 
on the environment, except for the possible resistance evolution to the Cry34Ab1/Cry35Ab1 proteins 
in coleopteran target pests. The EFSA GMO Panel recommends the implementation of appropriate and 
diversified insect resistance management strategies and case-specific monitoring to delay and monitor 
the possible evolution of resistance to the Cry34Ab1/Cry35Ab1 proteins in coleopteran target pests, 
respectively.  In  addition,  the  EFSA  GMO  Panel  recommends  revision  of  the  applicant‘s  insect 
resistance  management  plan  and  the  proposed  post-market  environmental  monitoring  plan.  The 
remaining non-critical scientific uncertainties pertaining to the modelling predictions of resistance in 
WCR  populations  owing  to  the  cultivation  of  maize  59122,  and  the  potential  of  the 
Cry34Ab1/Cry35Ab1  proteins  to  accumulate  and  persist  in  soil  following  subsequent  years  of 
continuous  maize  59122  cultivation,  are  to  be  resolved  with  data  acquired  during  post-market 
environmental  monitoring.  Although  maize  59122  is  tolerant  to  glufosinate-ammonium-based 
herbicides, the EFSA GMO Panel did not assess the potential adverse effects associated with the use 
of such herbicides on maize 59122, as maize 59122 will not be marketed in the EU as a herbicide-
tolerant crop. This Scientific Opinion also updates the previous Panel safety evaluation of the food and 
feed uses, and import and processing of maize 59122 and derived products. The EFSA GMO Panel 
concludes that the information available for maize 59122 addresses the scientific comments raised by 
Member States and that maize 59122, as described in this application, is as safe as its conventional 
counterpart and commercial maize varieties with respect to potential adverse effects on human and 
animal health. If subjected to appropriate management measures, the cultivation of maize 59122 is 
unlikely to raise safety concerns for the environment. 
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BACKGROUND 
On  21 October 2005,  the  European  Food  Safety  Authority  (EFSA)  received  from  the  Competent 
Authority  of  the  Netherlands  (NL  CA)  an  application  (Reference  EFSA-GMO-NL-2005-23)  for 
authorisation of the genetically modified (GM) insect-resistant and herbicide-tolerant maize 59122 
(Unique identifier DAS-59122-7), submitted by Pioneer Hi-Bred International and Dow AgroSciences 
LLC (referred to hereafter as the applicant) under Regulation (EC) No 1829/2003. The scope of this 
application covers food and feed uses, import, processing and cultivation of maize 59122 and all 
derived products. As the scope of this application also covers the food and feed uses, import and 
processing of maize 59122, this Scientific Opinion also updates the previous EFSA GMO Panel safety 
evaluation of the food and feed uses, and import and processing of maize 59122 and derived products 
(EFSA, 2007). 
After receiving the application EFSA-GMO-NL-2005-23 and in accordance with Articles 5(2)(b) and 
17(2)(b) of Regulation (EC) No 1829/2003, EFSA informed both Member States and the European 
Commission, and made the summary of the application publicly available on the EFSA website. EFSA 
initiated a formal review of the application to check compliance with the requirements laid down in 
Articles 5(3) and 17(3) of Regulation (EC) No 1829/2003. On 28 November 2006, 26 January 2007 
and  8 March 2007,  EFSA  received  additional  information  requested  under  completeness  check 
(requested  on  20 November 2006,  10 January 2007  and  1 March 2007).  On  9 March 2007,  EFSA 
declared the application as valid in accordance with Articles 6(1) and 18(1) of Regulation (EC) No 
1829/2003. 
On  31 March 2006,  following  a  call  for  expression  of  interest  among  Competent  Authorities  under 
Directive  2001/18/EC  and  in  accordance  with  Articles  6.3(c)  and  18.3(c)  of  Regulation  (EC)  No 
1829/2003,  EFSA  requested  the  NL  CA  to  evaluate  the  initial  environmental  risk  assessment  of 
application EFSA-GMO-NL-2005-23 for the placing on the market of maize 59122 for cultivation. This 
call was initiated by EFSA on 10 March 2006 and the NL CA gave its conformity on 22 March 2006. 
EFSA made the valid application available to Member States and the European  Commission, and 
consulted  nominated  risk  assessment  bodies  of  Member  States,  including  national  Competent 
Authorities within the meaning of Directive 2001/18/EC following the requirements of Articles 6(4) 
and 18(4) of Regulation (EC) No 1829/2003, to request their scientific opinion. Member States had 
three months after the date of acknowledgement of the valid application (9 June 2007) within which to 
make their opinion known. 
The  NL  CA  asked  the  applicant  for  additional  information  on  maize  59122  on  13 March 2007, 
30 July 2007 and 8 October 2007. The applicant provided the requested information on 2 April 2007 
and 20 December 2007. 
The NL CA provided to EFSA its report on the environmental risk assessment of maize 59122 on 
13 May 2008 in line with Articles 6.3(c) and 18.3(c) of Regulation (EC) No 1829/2003.  
The Scientific Panel on Genetically Modified Organisms of EFSA (EFSA GMO Panel) carried out an 
evaluation of the scientific risk assessment of the GM maize 59122 for cultivation in accordance with 
Articles 6(6) and 18(6) of Regulation (EC) No 1829/2003. When carrying out the safety evaluation, 
the EFSA GMO Panel took into account the appropriate principles described in its guidelines for the 
risk assessment of GM plants and derived food and feed (EFSA, 2006a, 2011b), the environmental 
risk assessment of GM plants (EFSA, 2010c), the selection of comparators for the risk assessment of 
GM plants (EFSA, 2011a), and for the post-market environmental monitoring of GM plants (EFSA, 
2006b, 2011c); the scientific comments of Member States; the additional information provided by the 
applicant;  the  environmental  risk  assessment  report  from  the  NL  CA;  and  relevant  scientific 
publications. Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
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The  EFSA  GMO  Panel  asked  the  applicant  for  additional  information  on  maize  59122  on 
29 May 2008,  1 October 2008,  13 February 2009,  28 May 2009,  30 April 2010,  and  on 
29 February 2012.  The  applicant  provided  the  requested  information  on  22 September 2008, 
8 January 2009,  28 April 2009,  27 January 2010,  11 March 2010,  18 March 2010,  16 January 2012, 
and on 2 October 2010, respectively. Additional information was also spontaneously provided by the 
applicant  on  23 January 2013  and  11 February 2013.  After  receipt  and  evaluation  of  the  full  data 
package, the EFSA GMO Panel finalised its risk assessment evaluation of maize 59122. 
In giving its Scientific Opinion on maize 59122 to the European Commission, Member States and the 
applicant, and in accordance with Articles 6(1) and 18(1) of Regulation (EC) No 1829/2003, EFSA 
has  endeavoured  to  respect  a  time  limit  of  six  months  from  the  acknowledgement  of  the  valid 
application. As additional information was requested by both the NL CA and the EFSA GMO Panel, 
the time limit of six months was extended accordingly, in line with Articles 6(1), 6(2), 18(1) and 18(2) 
of Regulation (EC) No 1829/2003. 
According  to  Regulation  (EC)  No  1829/2003,  this  Scientific  Opinion  is  to  be  seen  as  the  report 
requested under Articles 6(6) and 18(6) of that Regulation, and thus will be part of the EFSA Overall 
Opinion in accordance with Articles 6(5) and 18(5). 
The safety of the food and feed uses, import and processing of maize 59122 itself (EFSA, 2007) or as 
a component of stacked maize events (59122 x NK603; 59122 x 1507 x NK603 and 1507 x 59122) 
has been evaluated previously by the EFSA GMO Panel under Regulation (EC) 1829/2003 (EFSA, 
2008a, 2009a,b, 2010a, 2011e). The Commission Decision 2007/702/EC authorised the placing on the 
market of products containing, consisting of, or produced from maize 59122 pursuant to Regulation 
(EC) No 1829/2003.
4 
TERMS OF REFERENCE 
The EFSA GMO Panel was requested to carry out a scientific risk assessment of maize 59122 for food 
and feed uses, import and processing, and cultivation in accordance with Articles 6(6) and 18(6) of 
Regulation (EC) No 1829/2003. Where applicable, any conditions or restrictions which should be 
imposed on the placing on the market and/or specific conditions or restrictions for use and handling, 
including  post-market  environmental  monitoring  requirements  based  on  the  outcome  of  the  risk 
assessment and, in case of GMOs or food/feed containing or consisting of GMOs, conditions for the 
protection  of  particular  ecosystems/environment  and/or  geographical  areas  should  be  indicated  in 
accordance with Articles 6(5)(e) and 18(5)(e) of Regulation (EC) No 1829/2003.  
The EFSA GMO Panel was not requested to give a Scientific Opinion on information required under 
Annex II  of  the  Cartagena  Protocol,  nor  on  the  proposals  for  labelling  and  methods  of  detection 
(including sampling and the identification of the specific transformation event in the food/feed and/or 
food/feed produced from it), which are matters related to risk management.  
                                                       
4  http://eur-lex.europa.eu/LexUriServ/site/en/oj/2007/l_285/l_28520071031en00420046.pdf Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
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ASSESSMENT 
1.  Introduction 
Maize 59122 was developed to provide the following characteristics:  
(1)  Protection against certain coleopteran target pests belonging to the genus Diabrotica such as the 
larvae of western corn rootworm (WCR; Diabrotica virgifera virgifera), northern corn rootworm 
(Diabrotica barberi) and southern corn rootworm (SCR; Diabrotica undecimpunctata howardi) 
by  the  introduction  of  the  Cry34Ab1/Cry35Ab1  proteins  from  Bacillus thuringiensis  strain 
PS149B1.  The  B. thuringiensis  cry34Ab1  and  cry35Ab1  coding  sequences  were  modified  for 
optimal expression in maize. The mode of action of Bt-proteins is to bind selectively to specific 
receptors on the epithelial surface of the midgut of larvae of susceptible insect species, leading to 
death of larvae through pore formation and cell burst and subsequently septicaemia (reviewed by 
OECD, 2007; Sanahuja et  al., 2011; Bravo et al., 2012; Vachon et al., 2012). This effect is 
significantly enhanced for Cry34Ab1/Cry35Ab1 proteins under acidic conditions, such as those 
typical of coleopteran guts, as opposed to the alkaline conditions found in the lepidopteran larval 
midgut  (Moellenbeck  et  al.,  2001;  Masson  et  al.,  2004).  Both the  Cry34Ab1  and  Cry35Ab1 
proteins are required for optimal insecticidal activity against WCR. The activity of the Cry34Ab1 
protein was shown to be potentiated by the Cry35Ab1 protein (Herman et al., 2002b). When 
tested on SCR larvae, the Cry34Ab1 protein alone inhibited insect growth, but its toxicity against 
SCR was synergised by the Cry35Ab1 protein. Relatively small amounts of the Cry35Ab1 protein 
are necessary for synergism; for example, a 9:1 ratio of Cry34Ab1:Cry35Ab1 was shown to be 
sufficient for high SCR mortality. However, an optimal ratio has not been identified (Ellis et al., 
2002; Herman et al., 2002b; CERA, 2013). Cry34Ab1 was shown to facilitate Cry35Ab1 binding 
to WCR midgut brush border membrane vesicles (Li et al., 2013). Several Diabrotica-active Bt-
maize events are currently grown commercially in Argentina, Brazil, Canada and the  United 
States (Devos et al., 2012, 2013). Depending on the region, Diabrotica-active Bt-maize is used to 
control chrysomelid beetles such as the western, northern, southern and mexican corn rootworm 
(D. v. zea),  and  D. speciosa.  At  present,  WCR  is  the  only  species  from  the  corn  rootworm 
complex present in the EU. 
WCR is a major coleopteran maize pest and a serious threat to agriculture in North America 
(Metcalf, 1986; Dun et al., 2010; Tinsley et al., 2013) and the EU (FCEC, 2009; Wesseler and 
Fall, 2010). WCR overwinters through eggs that are laid during mid-summer till autumn, mainly 
in maize fields. Larvae hatching in the following spring feed on fine maize root hairs, where they 
typically burrow into the root tips of maize seedlings. As the larvae grow larger, they move, feed 
and tunnel into younger nodes of adventitious roots of the nodal root system (Meinke et  al., 
2009), and negatively affect yield by decreasing nutrient and water uptake and plant stability. 
Maize plants suffering from moderate to severe root pruning are susceptible to lodging, which can 
result  in  additional  yield  losses  due  to  difficulties  in  harvesting  lodged  plants  (Levine  and 
Oloumi-Sadeghi, 1991). The bulk of plant damage is caused by second and third instars, but 
adults feeding on silk and grains can be damaging in seed and sweet corn production (Tuska et 
al., 2002). WCR has been introduced to the EU from North America (Miller et al., 2005), where it 
is native and widespread. It was first detected near Belgrade (Serbia) in 1992, but has since 
spread across the continent (Hummel, 2003; Kiss et al., 2005a; Boriani et al., 2006; Ciosi et al., 
2008;  Gray  et  al.,  2009;  Meinke  et  al.,  2009),  resulting  in  well-established  populations  in 
approximately 19 European countries (EC, 2012).
5 It is expected that this invasive pest species 
will expand further in the EU (Hemerik et al., 2004; Moeser and Vidal, 2005; Ciosi et al., 2011; 
Aragón and Lobo, 2012). 
(2)  Tolerance to the herbicidal active substance glufosinate-ammonium by the introduction of a gene 
coding  for  the  phosphinothricin  N-acetyltransferase  enzyme  (PAT)  from 
Streptomyces viridochromogenes. Glufosinate-ammonium inhibits glutamine synthetase, leading 
                                                       
5  http://extension.entm.purdue.edu/wcr/ Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
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to glutamine deficiency, ammonia accumulation and eventually to plant death. The PAT protein 
catalyses the conversion of glufosinate-ammonium to N-acetyl glufosinate. N-acetyl glufosinate is 
an inactive form that does not bind to glutamine synthetase (De Block et al., 1987) allowing 
plants to grow in the presence of glufosinate-ammonium. Although maize 59122 is tolerant to 
glufosinate-ammonium-based  herbicides,  the  EFSA  GMO  Panel  did  not  assess  the  potential 
adverse effects associated with the use of such herbicides on maize 59122, as maize 59122 will 
not be marketed in the EU as a herbicide-tolerant crop.
6 
Maize 59122 was assessed with reference to its intended uses and the appropriate principles described 
in the EFSA GMO Panel guidelines for the risk assessment of GM plants and derived food and feed 
(EFSA, 2006a, 2011b), the environmental risk assessment of GM plants (EFSA, 2010c), the selection 
of comparators for the risk assessment of GM plants (EFSA, 2011a), and for the post -market 
environmental monitoring of GM plants (EFSA, 2006b, 2011c). In delivering its  Scientific Opinion, 
the EFSA GMO Panel considered the information provided by the applicant in its application  EFSA-
GMO-NL-2005-23, and also: (1) a review of all peer-reviewed scientific literature on maize  59122; 
(2) updated molecular characterisation, including sequence data for the flanking regions ; (3) updated 
information on allergenicity and toxicology; (4) updated information on environmental issues; (5) the 
post-market (environmental) monitoring plan ; and (6) the additional information submitted by the 
applicant in reply to questions from both the EFSA GMO Panel and the NL CA.  
The risk assessment evaluation presented here is also based on the scientific comments submitted by 
Member States (Annex G), the environmental risk assessment report of the  NL CA (Annex H), and 
relevant scientific publications. 
2.  Issues raised by Member States 
The scientific comments raised by Member States are addressed in Annex G of the EFSA overall 
opinion
7, and have been considered throughout this EFSA GMO Panel Scientific Opinion. 
3.  Molecular characterisation 
3.1.  Evaluation of relevant scientific data 
Unless specifically indicated, the information provided in this application, which is described in the 
following Sections, has been evaluated previously by the EFSA GMO Panel (EFSA, 2007). 
Upon request of the EFSA GMO Panel, the applicant performed a literature search for the period 
2007–2011.
8 For the period 2012 to present, EFSA performed a literature search  using the databases 
Scopus  (13 February 2013)
9  and ISI Web of Knowledge (25  January 2013)
10, but did not retrieve 
additional publications or reports dealing with the molecular characterisation of maize 59122. 
3.1.1.  Transformation process and vector constructs
11 
Maize 59122 was developed through Agrobacterium-mediated transformation of the maize line Hi-II 
and as a result expresses the cry34Ab1 and cry35Ab1 genes conferring resistance to coleopteran insect 
pests belonging to the genus Diabrotica, such as the larvae of WCR, and the pat coding sequence 
resulting in tolerance to glufosinate-ammonium-based herbicides.  
                                                       
6  Communication of applicant to EFSA on 11/03/2010. 
7  http://registerofquestions.efsa.europa.eu/roqFrontend/questionLoader?question=EFSA-Q-2008-312 
8  Additional information received on 16/01/2012/Annex: Ilegems (2012). 
9  Search string: (maize or corn or zea or mays) in (Title, abstract, keywords), and (59122 or das59122 or ―das-59122‖ or 
―herculex-rw‖) in (Title, abstract, keywords), or (cry34ab1 or cry35ab1 or cry34-ab1 or cry35-ab1) in (Title, abstract, 
keywords) for all document types. 
10  Topic field: 59122. 
11  Technical dossier/Sections C1, C2, C3 and D1. Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
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The binary vector used, PHP17662, contains between the left and right T-DNA borders the cry34Ab1 
coding sequence combined with the ubi1ZM promoter (from Zea mays) and the pinII terminator (from 
Solanum tuberosum), the cry35Ab1 coding sequence combined with the wheat peroxidase promoter 
(from  Triticum aestivum)  and  the  pinII  terminator  and  the  pat  coding  sequence  (from 
S. viridochromogenes) combined with the 35S promoter and 35S terminator (from cauliflower mosaic 
virus). The cry34Ab1 and cry35Ab1 genes were cloned from B. thuringiensis strain PS149B1 and the 
coding sequence of both genes has been adapted to the codon usage in maize as to optimise expression 
in the maize plant. The vector backbone portion contains among others a spectinomycin resistance 
gene, the ColE1 ori, tetA and tetR genes (tetracycline resistance) and several vir genes. 
3.1.2.  Transgene constructs in maize 59122
12 
Molecular characterisation data established that maize 59122 contains a single insert of the transfer 
(T)-DNA. The structure of the insert in maize 59122 was determined by Southern blot analysis and 
DNA sequencing. No vector backbone sequences were detected with updated Southern blot analyses.
13 
Bioinformatic analyses revealed that flanking regions of the maize event 59122 show significant 
identity to maize genomic DNA and EST sequences. Updated bioinformatic analyses indicated that the 
DNA in 59122 was inserted 1032 bp downstream of the 3  end of the empty pericarp 4 (emp4) gene, 
coding for a pentatricopeptide repeat (PPR) protein.
14 PPR proteins are thought to be involved in RNA 
processing within organelles and this particular PPR protein has been shown to be essential for seed 
development in maize (Gutiérrez-Marcos et al., 2007). In maize 59122, phenotypic analysis did not 
show any changes, suggesting that the emp4 gene is functional. Updated bioinformatic analyses of the 
open reading frames (ORFs) spanning the two junction regions and of all internal ORFs of the insert 
were  performed.  No  novel  ORFs  with  sequence  similarity  to  known  toxins  or  allergens  were 
identified. 
3.1.3.  Information on the expression and stability of the insert
15 
The levels of newly expressed proteins Cry34Ab1, Cry35Ab1 and PAT were analysed in various 
tissues of event 59122 by enzyme-linked immunosorbent assay (ELISA). Tissue samples for analysis 
were collected from five field trials conducted in Chile (2002–2003), the United States and Canada 
(2003) and Europe (2003 and 2004). The field trials in Europe were conducted in three locations in 
Bulgaria  (2003  and  2004)  and  three  locations  in  Spain  (2004).
16  Each trial included appropriate 
comparators. The ranges of levels of Cry34Ab1, Cry35Ab1 and PAT proteins in various plant parts 
obtained from the  EU trials at the developmental stages where the expression was the  highest are 
summarised in Table 1 (see below). 
The levels of Cry34Ab1, Cry35Ab1 and PAT in maize 59122 and stacked maize events containing 
59122 (59122    NK603, 1507    59122, 59122    1507    NK603 and MON 89034    1507   
MON 88017    59122) have also been reported for grain and other tissues includin g forage, and 
reviewed by the EFSA GMO Panel (EFSA, 2007, 2008a, 2009a,b, 2010a, 2011e). 
The stability of the inserted DNA and phenotypes was confirmed over several generations.  
                                                       
12  Technical dossier/Section D2. 
13  Additional information received on 16/01/2012/Annex: Brink and Weaver (2011). 
14  Additional information received on 16/01/2012/Annex: Krauss (2012a). 
15  Technical dossier/Section D3. 
16  Technical dossier/Section D3/Annex 3: Buffington (2004)/Annex 4: Buffington (2005).  Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
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Table 1:   Ranges in the levels of the Cry34Ab1, Cry35Ab1 and PAT proteins in various parts of 
maize 59122 (μg/g dry weight) grown in the EU (plants not sprayed with glufosinate-ammonium-
based herbicides). Values are combined data from 2003 and 2004 growing seasons. Developmental 
stages are indicated in parentheses 
Plant parts  Cry34Ab1  Cry35Ab1  PAT 
Leaves  < 0.162*–
667  (R4)  < 0.162*–
307  (R4)  13.0–22.8  (R4) 
Roots  16.4–82.1  (V6)  1.12–26.1  (R1)  0.470–1.55  (R4) 
Whole plant  49.0–89.0  (R1)  48.7–92.6  (V9)  4.64–16.0  (V9) 
Pollen  45.4–146  (R1)  < 0.324*  (R1)  < 0.27*  (R1) 
Kernels  23.3–89.3  (R6)  0.59–3.48  (R6)  < 0.068*  (R6) 
*These values are the LLOQ (―lower limits of quantification‖) reported for the corresponding proteins and tissue samples 
 
3.2.  Conclusion 
The  molecular  characterisation  data  establish  that  maize  59122  contains  a  single  insertion  locus. 
Updated bioinformatic analyses of the ORFs spanning the junction sites within the insert or between 
the  insert  and  genomic  DNA  did  not  raise  safety  issues.  The  stability  of  the  inserted  DNA  and 
phenotypes  was  confirmed  over  several  generations.  The  potential  impacts  of  the  Cry34Ab1, 
Cry35Ab1 and PAT protein levels, quantified in field trials carried out in Europe, are assessed in the 
Sections on the food/feed safety assessment and environmental risk assessment (see Sections 5 and 6). 
4.  Comparative analysis 
4.1.  Evaluation of relevant scientific data 
This Scientific Opinion updates the previous EFSA GMO Panel safety evaluation of the food and feed 
uses, and import and processing of maize 59122 and derived products. Unless specifically indicated, 
the information provided in this application (EFSA-GMO-NL-2005-23), which is described in the 
following Sections, has been evaluated previously by the EFSA GMO Panel (EFSA, 2007). 
Upon request of the EFSA GMO Panel, the applicant performed a literature search for the period 
2007–2011.
17 For the period 2012 to present, EFSA performed a literature search using the databases 
Scopus (13 February 2013)
18 and ISI Web of Knowl edge (25 January 2013)
19, but did not retrieve 
additional publications or reports dealing with the comparative analysis of maize 59122. 
4.1.1.  Compositional analysis, agronomic traits and GM phenotype 
The information regarding the comparative analysis of agronomic, phenotypic and compositional data 
in application EFSA-GMO-NL-2005-23 was assessed by the EFSA GMO Panel earlier in the frame of 
a previous application for the marketing of maize 59122 with a different scope (EFSA, 2007). The 
information contained agronomic and phenotypic data obtained from field trials performed with maize 
59122 and the conventional counterpart in North and South America and in Europe over several 
seasons (from 2002 to 2004), as well as compositional data on the harvested forage and seed materials. 
                                                       
17  Additional information received on 16/01/2012/Annex: Ilegems (2012). 
18  Search string: (maize or corn or zea or mays) in (Title, abstract, keywords), and (59122 or das59122 or ―das-59122‖ or 
―herculex-rw‖) in (Title, abstract, keywords), or (cry34ab1 or cry35ab1 or cry34-ab1 or cry35-ab1) in (Title, abstract, 
keywords) for all document types. 
19  Topic field: 59122. Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
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While statistically significant differences between maize 59122 (untreated and treated with the target 
herbicide) and the conventional counterpart were observed for some compositional parameters in the 
analysis of forage and kernels, none of these differences was consistently observed over years and 
across locations. In addition, the levels of those parameters were within the literature ranges reported 
for commercial maize varieties. With regard to agronomic and phenotypic characteristics, the data 
provided  in  the  frame  of  the  previous  application  showed  statistically  significant  differences  for 
several  parameters  in  the  European  field  trials  during  the  2004  growing  season.  None  of  these 
differences were consistently observed over locations and years. The EFSA GMO Panel therefore did 
not identify any biologically relevant differences in the compositional, agronomic and phenotypic 
characteristics  of  maize  59122  compared  with  its  conventional  counterpart,  except  for  the  newly 
expressed Cry34Ab1/Cry35Ab1 and PAT proteins (EFSA, 2007). 
Subsequently,  a  compositional  analysis  of  forage  and  kernels  of  maize  59122  was  published  by 
Herman et al. (2007). For this study maize 59122 was grown, untreated and treated with the target 
herbicide, together with a conventional counterpart at four locations in North America in 2003 and 
2004. The outcomes indicated that the composition of maize 59122 is comparable to that of non-GM 
maize.  The  data  for  one  year  (2003)  was  submitted  and  assessed  in  the  context  of  a  previous 
application for maize 59122 (EFSA, 2007). Therefore the data from the second year (2004) can be 
considered as supplementary to what has already been assessed.  
4.2.  Conclusion 
Since the EFSA GMO Panel delivered its earlier opinion on maize 59122, no new information has 
appeared on the composition or on the agronomic and phenotypic characteristics of maize 59122 that 
would lead the EFSA GMO Panel to change its previous conclusions.  
5.  Food/feed safety assessment 
5.1.  Evaluation of relevant scientific data 
This Scientific Opinion updates the previous EFSA GMO Panel safety evaluation of the food and feed 
uses, and import and processing of maize 59122 and derived products. Unless specifically indicated, 
the information provided in this application (EFSA-GMO-NL-2005-23), which is described in the 
following Sections, has been evaluated previously by the EFSA GMO Panel (EFSA, 2007). 
Upon request of the EFSA GMO Panel, the applicant performed a literature search for the period 
2007–2011.
20 For the period 2012 to present, EFSA performed a literature search using the databases 
Scopus (13 February 2013)
21 and ISI Web of Knowledge (25  January 2013)
22, but did not retrieve 
additional  publications  or  reports  dealing  with  the  toxicological,  allergenicity  and  nutritional 
assessment of maize 59122. 
5.1.1.  Toxicological assessment 
The EFSA GMO Panel previously concluded that maize 59122 is unlikely to have an adverse effect on 
human  and  animal  health,  in  the  context  of  the  proposed  uses  (EFSA,  2007).  In  this  application 
(EFSA-GMO-NL-2005-23), updated bioinformatic studies were provided. Analyses of the amino acid 
sequences of the newly expressed proteins Cry34Ab1, Cry35Ab1 and PAT revealed no similarity to 
known toxic proteins and thus confirmed the results of the previous studies. 
The applicant also provided a reference to 90-day oral feeding study, published by He et al. (2008), 
not previously considered. Compared with the 90-day feeding study previously assessed in the context 
of  EFSA-GMO-NL-2005-12,  diets  were  prepared  containing  50 %  and  70 %  of  maize  59122 
                                                       
20  Additional information received on 16/01/2012/Annex: Ilegems (2012). 
21  Search string: (maize or corn or zea or mays) in (Title, abstract, keywords), and (59122 or das59122 or ―das-59122‖ or 
―herculex-rw‖) in (Title, abstract, keywords), or (cry34ab1 or cry35ab1 or cry34-ab1 or cry35-ab1) in (Title, abstract, 
keywords) for all document types. 
22  Topic field: 59122. Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
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(compared with 35 % used in the study by Malley, 2007). Although a control maize was included its 
identity was unclear. An additional group of rats was fed a commercial rodent diet. The animals, 
divided over groups of ten animals/gender/treatment, were measured for feed intake, body weight, 
mortality,  haematology,  serum  chemistry,  and  anatomical  pathology  (including  gross  and 
histopathology). It was observed that the high inclusion rate of maize affected various parameters 
measured in the serum chemistry response of rats fed the maize-containing diets when compared with 
those fed the standard rodent diet. There were no significant differences between animals fed maize 
59122  and  those  fed  the  respective  control  maize.  The  authors  concluded  that  there  were  no 
indications of adverse effects from the consumption of maize 59122 kernels compared with that of 
diets containing the control. 
5.1.2.  Allergenicity
23 
The EFSA GMO Panel has previously evaluated the bioinformatic analysis comparing the sequences 
of Cry34Ab1, Cry35Ab1, and PAT proteins and known allergens and the resistance of these proteins 
to enzymatic degradation by pepsin (EFSA, 2007). 
In  this  application  (EFSA-GMO-NL-2005-23),  updated  bioinformatic  studies  were  provided.
24 
Analyses of the amino acid sequences of the newly expressed Cry34Ab1, Cry35Ab1 and PAT proteins 
revealed no significant similarities to known allergens, confirming the results of the previous studies. 
In the present case, and based on all the available information, the EFSA GMO Panel identified no 
safety concerns regarding the potential allergenicity of maize 59122. In addition, there is no new 
scientific information that would invalidate the previous EFSA GMO Panel conclusio ns on the 
allergenicity assessment of maize 59122. 
5.1.3.  Nutritional assessment  
The  EFSA  GMO  Panel  previously  evaluated  animal  feeding  studies  in  rapidly  growing  broiler 
chickens with maize 59122 and the combined events 59122   1507   NK603 in the frame of former 
applications  EFSA-GMO-NL-2005-12  and  EFSA-GMO-UK-2005-21,  respectively.  These  feeding 
studies support the results of the comparative compositional analysis and confirm that maize 59122 is 
as nutritious as its conventional counterpart (EFSA, 2007, 2009b).  
Four additional nutritional feeding studies of interest were identified in a literature search performed 
by the applicant for the period 2007–2011, including studies on lactating cows (Brouk et al., 2011), 
laying hens (Jacobs et al., 2008), pigs (Stein et al., 2009) and steers (Huls et al., 2008).
25 
-  Brouk et al. (2011) reported a feeding study with lactating dairy cows. Two groups of 15 cows 
each were fed rations containing both silage (21 %) and kernels (23 %) derived from maize 59122 
and  from  the  conventional  counterpart  during  two  separate  experimental  periods  (six  weeks, 
measurements made during the last four weeks) according to a crossover design with treatment 
switchback. While the feeds were analysed for composition (proximates, fibre, lignin, minerals), 
the animals were measured for feed intake, body weight and condition, milk production, and milk 
quality (composition and somatic cell count). An improvement in body condition scoring (BCS) 
was observed between the diet containing  maize 59122 and that containing the conventional 
counterpart,  whereas  the  average  total  BCS  values  did  not  differ  between  both  groups.  The 
authors concluded that their data indicated that the genetic modification in maize 59122 did not 
alter the nutritional value of maize kernels and silage (Brouk et al., 2011).  
-  Huls et al. (2008) reported a steer feeding study in which groups of 20 cross-bred steers each 
were fed rations containing 82 % dry-rolled kernels derived from maize 59122, a conventional 
counterpart or a non-GM commercial variety, for 109 days. The composition of the feed was 
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analysed and animal performance various carcass characteristics were measured. No statistically 
significant differences were identified between the animals fed maize 59122 and those fed the 
conventional  counterpart.  The  authors  concluded  that  feeding  maize  59122  is  nutritionally 
equivalent to commercial non-GM maize kernels when fed to finishing cattle (Huls et al., 2008).  
-  Jacobs  et  al.  (2008)  reported  a  laying  hen  feeding  study  with  maize  59122,  a  conventional 
counterpart and a commercial maize variety. Groups of 72 hens were used per treatment. Maize 
kernels were included in the diets at 65 % inclusion level. The composition of the maize and 
soybean meal used for diet preparation were analysed and animal performance and the quality of 
the eggs (e.g., albumen, yolk, and shell weight; albumen thickness vs. egg mass) were analysed. 
No statistically significant differences were noted between dietary treatments with maize 59122 
and with the conventional counterpart.  
-  Stein et al. (2009) reported a growing–finishing pig feeding study with diets containing maize 
59122,  a  conventional  counterpart  and  a  commercial  maize  variety.  The  treatment  groups 
consisted of 36 pigs each, which were kept in 12 replicate pens with three animals per pen, 
starting and final weights at approximately 37 and 127 kg, respectively. The inclusion level of 
maize  in  the  diets  ranged  from  69 %  in  starter  diets  to  82 %  in  finishing  diets.  Feeds  were 
analysed for their composition, while during and after the experiment the animals were analysed 
for  performance  (weight,  feed  intake)  and  various  carcass  characteristics.  No  statistically 
significant  differences  were  observed  between  the  groups  fed  the  maize  59122  and  the 
conventional counterpart. The authors concluded that kernels of maize 59122 have a feeding 
value that is not different from commercial maize.  
In conclusion, the EFSA GMO Panel considers that the data from these four feeding studies support 
the view that diets formulated with maize 59122 are as nutritious as those formulated with commercial 
non-GM maize varieties.  
5.1.4.  Post-market monitoring of GM food/feed 
Maize 59122 is intended to have improved agronomic properties. From a nutritional point of view, 
maize 59122 is similar to conventionally bred varieties. Therefore, maize 59122 will be used as any 
other maize and only replace a part of the overall maize products within the European market. The risk 
assessment concluded that no data have emerged to indicate that maize 59122 is any less safe than its 
non-GM comparators. The opinion of the EFSA GMO Panel is that a post-market monitoring of GM 
food and GM feed products containing, consisting of or derived from maize 59122 is not necessary, 
which is in line with its guidelines for the risk assessment of food and feed derived from GM plants 
(EFSA, 2011b). 
5.2.  Conclusion 
Updates  of  the  bioinformatic  studies confirmed the previous  findings  indicating  that there are  no 
similarities  between  the  Cry34Ab1,  Cry35Ab1  and  PAT  proteins,  and  known  toxic  proteins  and 
allergens. Various publications on the composition of maize 59122 and its counterparts, as well as a 
rat feeding study and nutritional feeding studies in target livestock animals with the whole product, 
have  appeared  since  the  previous  EFSA  GMO  Panel  Scientific  Opinion  on  maize  59122.  The 
outcomes of these studies revealed that there was no new information that would require changes to 
the previous EFSA GMO Panel Scientific Opinion on maize 59122, namely that maize 59122 is as 
safe as its non-GM counterparts, and that the overall allergenicity of the whole plant is not changed 
and that maize 59122 is unlikely to have any adverse effect on human and animal health in the context 
of its intended uses. 
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6.  Environmental risk assessment and risk management strategies 
6.1.  Evaluation of relevant scientific data 
The scope of application EFSA-GMO-NL-2005-23 is for food and feed uses, import and processing, 
and  cultivation  of  maize  59122.  Therefore,  the  environmental  risk  assessment  is  concerned  with 
potential direct and indirect environmental effects of the cultivation and the spread of maize 59122 
into non-cultivated environments and with the exposure through manure and faeces from animals fed 
grains produced by maize 59122.  
The  EFSA  GMO  Panel  considered  the  following  issues  in  the  environmental  risk  assessment 
submitted by the applicant: (1) changes in plant fitness due to the genetic modification; (2) potential 
for gene transfer and its consequences; (3) interactions between the GM plant and target organisms; 
(4) interactions between the GM plant and non-target organisms; (5) effects on animal and human 
health; (6) interactions with biogeochemical processes and the abiotic environment; (7) impacts of the 
specific  cultivation,  management  and  harvesting  techniques;  and  (8)  risk  management  strategies 
(including post-market environmental monitoring). 
The NL CA provided to EFSA its report on the environmental risk assessment of maize 59122 on 
13 May 2008 in line with Articles 6.3(c) and 18.3(c) of Regulation (EC) No 1829/2003. The report on 
the environmental risk assessment of the NL CA is provided in Annex H of the EFSA overall opinion, 
and has been considered throughout this EFSA GMO Panel Scientific Opinion. 
Upon request of the EFSA GMO Panel, the applicant performed a literature search for the period 
2007–2011.
26 For the period 2012 to present, EFSA performed a literature search using the databases 
Scopus (13 February 2013)
27  and ISI Web of Knowledge (25  January 2013)
28,  and  retrieved  eight 
additional publications or reports  (Petzold-Maxwell et al., 2012a,b;  Rudeen and Gassman, 2012; 
Siebert et al., 2012;  Takács et al., 2012;  Zukoff et al., 2012;  Devos et al., 2013;  Li et al., 2013) 
relevant  to  the  environmental  risk  assessment  and  risk  management  of  maize  59122 .  These 
publications have been considered by the EFSA GMO Panel in this Scientific Opinion. 
6.2.  Environmental risk assessment 
As stated in earlier Sections, there are no indications of unintended changes in maize 59122 at the 
molecular, compositional and agronomic/phenotypic level. The molecular characterisation of the DNA 
insert and flanking regions of maize 59122 did not indicate unintended changes due to the insertion 
(see  Section 3,  above).  Moreover,  no  biologically  relevant  differences  in  the  composition  of  key 
analytes or agronomic and phenotypic characteristics were identified between maize 59122 and its 
conventional counterpart (EFSA, 2007; Herman et al., 2007; Section 4, above).  
6.2.1.  Changes in plant fitness due to the genetic modification
29 
A series of field trials with maize 59122 were conducted by the applicant across six locations in Chile 
in the 2002/2003 growing season
30, five locations in North America in 2003 (three locat ions in the 
United States, two locations in Canada)
31, three locations in Bulgaria in 2003
32, and six locations in the 
EU in 2004 (three locations in Spain, three locations in  Bulgaria)
33  to compare the agronomic 
                                                       
26  Additional information received on 16/01/2012/Annex: Ilegems (2012). 
27  Search string: (maize or corn or zea or mays) in (Title, abstract, keywords), and (59122 or das59122 or ―das-59122‖ or 
―herculex-rw‖) in (Title, abstract, keywords), or (cry34ab1 or cry35ab1 or cry34-ab1 or cry35-ab1) in (Title, abstract, 
keywords) for all document types. 
28  Topic field: 59122. 
29  Technical dossier/Sections B2, B3, B4, D4, D9.1 and D9.2. 
30  Technical dossier/Section D4/Annex 37: Essner and Coats (2003). 
31  Technical dossier/Section D4/Annex 38: Buffington (2004). 
32  Technical dossier/Section D4/Annex 3: Buffington (2004). 
33  Technical dossier/Section D4/Annex 4: Buffington (2005). Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
 
20  EFSA Journal 2013;11(3):3135 
performance and field characteristics of maize 59122 with its comparators. In an additional field trial 
in the United States in 2003, yield characteristics were evaluated at four locations.  
Information on phenotypic and agronomic characteristics of maize 59122 and its comparators was 
generated  to  compare  their  growth  habit,  vegetative  vigour  and  reproduction  characters.  Several 
endpoints related to growth habit, vegetative growth, reproduction, and yield and grain characteristics 
were measured.  
A randomised complete block design with four replications was used in the field studies. In the field 
trials performed in Chile, maize 59122 and its comparator received the same conventional herbicide 
treatments. The US (2003) and  EU field trials (2003 and 2004) contained glufosinate-ammonium 
treated and untreated maize 59122 plants. The comparators in these field trials received the same 
conventional  herbicide  treatment  as  the  ―glufosinate-ammonium  untreated‖  maize  59122  plants. 
Agronomic data were collected for glufosinate-ammonium treated maize 59122 in the United States 
and Canada (2003) and in the EU (2003). In the EU field trials in 2004, agronomic data were collected 
from glufosinate-ammonium untreated maize 59122.  
The  breeding  tree  provided  by  the  applicant  confirmed  that  the  near-isogenic  lines  used  in  the 
agronomic and phenotypic field trials had a comparable genetic background to maize 59122.
34  
The EU agronomic and phenotypic field trial data did not show major changes in plant characteristics 
that indicate altered fitness, persistence and invasiveness of maize 59122 plants .  A number of 
endpoints (i.e., early population count, plant height) showed statistically significant differences in the 
across-location comparisons between maize 59122 and its near-isogenic line in the 2004 field trials in 
Spain and Bulgaria. These differences were not consistently observed in each location, and were not 
considered biologically meaningful with respect to persistence and invasiveness potential. No visually 
observable response to naturally occurring insects and diseases recorded at maturity provided any 
indication of altered stress responses of maize 59122 compared with its conventional counterpart.  
It is considered very unlikely that the establishment, spread and survival of maize 59122 would be 
increased  owing  to the insect resistance and herbicide tolerance traits. These traits can only be 
regarded as providing a potential selective advantage to maize 59122 under infestation of target pests 
and/or when glufosinate-ammonium-based herbicides are applied. Moreover, it is considered very 
unlikely that maize 59122 plants or their progeny will differ from conventional maize varieties in their 
ability to survive as volunteers until subsequent seasons, or to establish feral populations under 
European  environmental  conditions  ( Section 6.2.2.2,  below).  Maize  is  highly  domesticated  and 
generally unable to survive in th e environment without management intervention (Baker, 1974; 
Bagavathiannan and Van Acker, 2008). The survival of maize is limited by a combination of low 
competitiveness, absence of a dormancy phase, and susceptibility to plant pathogens, herbivores and 
cold climatic conditions (van de Wiel et al., 2011). Maize plants are winter hardy  only in European 
regions with mild winters, and in those situations maize kernels remaining in the field after harvest can 
germinate, grow, flower, and locally cross -pollinate neighbouring maize plants. The occurrence of 
maize volunteers was reported in Spain and other European regions (Gruber et al., 2008; Palaudelmàs 
et al., 2009), but these plants grow weakly and tend to flower asynchronously with the cultivated 
maize crops in which they occur (Palaudelmàs et al., 2009). While maize 59122 volunteers occurring 
in cultivated areas will be tolerant to glufosinate-ammonium, they are normally controlled by current 
agricultural practices, including the use of selective herbicides and/or cultivation techniques (Beckie et 
al., 2006; Deen et al., 2006). If maize 59122 is rotated with broadleaved crops (such as soybean, oilseed 
rape, sugar beet, sunflower), potential volunteers can easily be controlled with selective graminicides or 
glyphosate-based herbicides. The EFSA GMO Panel notes that mechanical weed control such as hoeing 
is the only solution for weed control if maize  59122  is rotated with another maize crop (either 
conventional or tolerant to glufosinate-ammonium), as effective herbicides cannot be applied without 
killing the rotational maize crop itself (Davis et al., 2008). Maize  59122 volunteers are likely to be 
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controlled by the herbicide programmes applied in glyphosate tolerant crops (Feng et al., 2010; Green 
and Castle, 2010; Green and Duke, 2011). 
Note that the possible impact of maize 59122 volunteers on the efficiency of the insect resistance 
management plan is considered in Section 6.3.1.1, below. 
Despite cultivation for centuries, maize plants do not occur outside cultivated land or in disturbed land 
in Europe. In addition to the data presented by the applicant, the EFSA GMO Panel is not aware of 
any scientific report of increased establishment and spread of maize 59122 or any change in survival 
(including over-wintering), persistence and invasiveness capacity. Because the general characteristics 
of maize 59122 are unchanged, insect resistance and herbicide tolerance are not likely to provide a 
selective advantage outside of cultivation in Europe.  
As maize 59122 has no altered agronomic and phenotypic characteristics, except for the specific target 
insect  resistance  and  herbicide  tolerance,  the  EFSA  GMO  Panel  concludes  that  the  likelihood  of 
unintended environmental effects due to the establishment and survival of maize 59122 will be no 
different from that of conventional maize varieties. 
The conclusion of the EFSA GMO Panel is consistent with that of the NL CA. The NL CA concluded 
that ―there is a negligible risk for 59122 maize to become environmentally persistent or invasive 
giving rise to any weediness. Maize itself does not possess any traits for weediness. Weediness traits 
which have been generally described include for example traits as great longevity of seed, ability for 
seed to germinate in many different environments. The expression of Cry34Ab1, Cry35Ab1 and PAT 
proteins in 59122 maize does not give rise to any of the described traits for weediness. In addition, in 
European field trials and trials outside Europe no effect on persistence or invasiveness of 59122 maize 
was observed. Therefore it can be concluded that the introduced sequences in 59122 maize do not lead 
to an increased persistence or invasiveness‖. In addition, the NL CA considered that ―59122 exhibits 
no selective advantage or disadvantage as a result of the genetic modification‖ (Sections 6.1 and 6.2 
of the environmental risk assessment report of the NL CA). 
6.2.2.  Gene transfer 
The EFSA GMO Panel evaluated the potential for horizontal and vertical gene flow of maize 59122, 
as well as the potential environmental consequences of such gene transfer. A prerequisite for any gene 
transfer is the availability of pathways for the transfer of genetic material, either through horizontal 
gene transfer of DNA or through vertical gene flow via the dispersal of pollen and seed.  
6.2.2.1.  Plant to bacteria gene transfer and its consequences
35 
Bacteria are capable of exchanging genetic material directly between each other and even across 
species boundaries using mechanisms such as conjugation, transduction or natur al transformation. 
DNA of plants, which may also include DNA derived from GM plants, could hypothetically be 
acquired by bacteria through horizontal gene transfer. After initial horizontal gene transfer from plants 
to bacteria, the acquired genes may be further spread to other bacteria.  
Current scientific evidence indicates that the transfer of genes derived from GM plants into bacteria 
and their stable integration either does not occur or, if it has occurred, it has been below the limit of 
detection in all the studies performed (see Keese, 2008; EFSA, 2009c;  Brigulla and Wackernagel, 
2010; Ma et al., 2011). The main barriers for horizontal gene transfer from plants to bacteria are the 
lack of efficient mechanisms of integration of unrelated chromosomal DNA and the limited potential 
for positive directional selection of the acquired recombinant gene-encoded traits.  
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The  exposure  of  bacteria  to  the  recombinant  DNA  fraction  of  maize  59122,  the  factors  limiting 
horizontal  gene  transfer,  and  the  impact  of  a  hypothetical  horizontal  gene  transfer  in  receiving 
environments are described below. 
The probability and frequency of horizontal gene transfer of plant DNA (including the recombinant 
DNA fraction) to exposed bacteria is determined by: (1) the concentration and quality of plant DNA 
accessible  to  bacteria  in  receiving  environments;  (2)  the  presence  of  bacteria  with  a  capacity  to 
develop competence for natural transformation, i.e., to take up extracellular DNA; (3) the ability for 
genetic recombination by which the plant DNA can be incorporated and thus stabilised in the bacterial 
genome (including chromosomes or plasmids); (4) the expression and the function of the protein in the 
bacterial  recipient;  and  (5)  the  selective  advantage  provided  by  the  acquired  recombinant  gene-
encoded traits.  
(1) The concentration and quality of plant DNA accessible to bacteria in receiving environments—
exposure of bacteria to DNA  
The release and low-level temporal persistence of gene-sized plant DNA fragments is expected in 
environments in which crops are grown and in gastrointestinal systems after consumption (EFSA, 
2009c).  
Genomic  DNA  is  a  component  of  many  food  and  feed  products  derived  from  maize.  It  is  well 
documented that DNA in food and feed becomes substantially degraded during food/feed processing, 
and in the process of digestion in the human or animal gastrointestinal tracts (Jonas et al., 2001; van 
den Eede et al., 2004; Ramessar et al., 2007). The DNA is increasingly degraded in the digestive tract, 
so no full-length genes from plants have been detected in the large intestine or in faeces (EFSA, 
2009c, and references therein). In in vivo experiments with broilers fed Bt-maize, the cry1Ab gene was 
degraded to fragments smaller than 500 bp along the digestive tract (Rossi et al., 2005). Similarly, 
Chambers  et  al.  (2002)  fed  chickens  with  GM  maize  to  explore  the  in  vivo fate  of  the  bacterial 
ampicillin resistance gene blaTEM in bacteria and GM maize. The gene was found in the stomach 
contents, but not in the lower intestine of animals fed GM maize. In case of Roundup Ready maize 
(event 39T67), the presence of epsps genes arising from feeding on the GM plant material within a 
field where the crop was grown was reported in soil micro-arthropods, nematodes, macro-arthropods 
and earthworms (Gulden et al., 2008; Hart et al., 2009). Thus, a low level of exposure of fragments of 
ingested DNA, including the recombinant fraction of such DNA, to microorganisms in the digestive 
tract  of  humans,  domesticated  animals  and  other  animals,  including  those  inhabiting  soil  on 
agricultural fields or neighbouring ecosystems, feeding on maize 59122 or its residues is expected. 
Soil  bacteria  may  also  be  exposed  to  extracellular  DNA  released  from  plant  cells  into  the  soil 
environment throughout and after the growing season (reviewed by Levy-Booth et al., 2007). During 
active plant growth, free plant DNA may originate from sloughed-off root cap cells (Hawes et al., 
1990; de Vries et al., 2003) or necrotic root tissue infected by pathogens (Polverari et al., 2000; Kay et 
al., 2002). Pollen release at anthesis (de Vries et al., 2003; Webster et al., 2008) and DNA release from 
decomposing plant residue remaining in agricultural areas after harvest, and which is incorporated into 
the soil during tillage operations (Widmer et al., 1997; Ceccherini et al., 2003; Stotzky, 2004), can also 
contribute to the presence of plant DNA in soil later during the growing season. However, the vast 
majority of plant DNA is expected to be degraded shortly after harvest by plant and microbial DNases 
in the soil environment. Therefore, plant DNA is only a transient component of the total DNA pool in 
soil (Levy-Booth et al., 2007; Nielsen et al., 2007; Gulden et al., 2008). Gulden et al. (2008) did not 
observe accumulation of the epsps gene in the soil environment upon repeated cultivation of Roundup 
Ready maize (event 39T67). While adsorption to soil particles, particularly clay, can slow down DNA 
degradation, the vast majority is degraded shortly after harvest. It can therefore be concluded that the 
concentration of extracellular DNA fragments (including the cry34Ab1, cry35Ab1 and pat genes of 
maize 59122) in gastrointestinal tracts, soil or other environments is relatively low in comparison to 
those from intact plant material.  Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
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(2) The presence of bacteria with a capacity to develop competence for natural transformation, i.e., to 
take up extracellular DNA 
Several bacterial species with the potential to develop competence for natural transformation (take up 
and recombine with extracellular DNA) belong to the common gut microbial community (Rizzi et al., 
2008, 2012; EFSA, 2009c). However, competence development and transformation of such bacteria 
with genomic DNA of plants has not been observed in the lower gastrointestinal tract, even with 
optimised model systems providing a selective advantage (Nordgård et al., 2007; EFSA, 2009c; Rizzi 
et  al.,  2012).  In  contrast,  some  studies  have  shown  that  introduced  bacteria  can  be  naturally 
transformed in the oral cavity of humans and animals (Duggan et al., 2000, 2003; Mercer et al., 
1999a,b, 2001; Rizzi et al., 2012). Once the recombinant DNA is taken up, it must integrate into the 
recipient genome to persist during host replication. The likelihood of gene integration is influenced by 
the gene context (i.e., the surrounding/neighbouring sequences) of the recombinant gene(s) in the plant 
(EFSA, 2009c).  
(3) The ability for genetic recombination by which the plant DNA can be incorporated and thus 
stabilised in the bacterial genome (including chromosomes or plasmids) 
A  successful  horizontal  transfer  would  require  stable  insertion  of  the  transgene  sequences  into  a 
bacterial  genome  and  a  selective  advantage  conferred  on  the  transformed  host.  The  only  known 
mechanism  that  facilitates  horizontal  transfer  of  non-mobile,  chromosomal  DNA  fragments  into 
bacterial genomes is homologous recombination. Homologous recombination requires the presence of 
stretches of similar DNA sequences between the recombining DNA molecules and, in addition to 
substitutive gene replacement, facilitates the insertion of non-homologous DNA sequences if their 
flanking regions share sequence similarity with bacterial sequences in the recipient. 
Maize 59122 contains the coding sequences for the Cry34Ab1, Cry35Ab1 and PAT proteins. The 
coding  genes  are  codon  optimised  variants  of  the  sequences  of  cry34Ab1  and  cry35Ab1  from 
B. thuringiensis strain PS149B1 and of pat from S. viridochromogenes. Other DNA fragments with 
sequence identity refer to the right and left T-DNA borders of 155 bp and 57 bp in length which are 
located in flanking regions of the expression cassette.  
None  of  the  three  bacterial  species  Agrobacterium tumefaciens  (also  known  as  Rhizobium 
radiobacter),  B. thuringiensis,  or  S. viridochromogenes  are  considered  to  be  prevalent  in  the 
gastrointestinal tract of humans or animals. All of them occur in soil and, in addition, B. thuringiensis 
has been frequently isolated from the guts of insects (Jensen et al., 2003). 
On a theoretical basis (i.e., without any study providing experimental evidence for horizontal gene 
transfer in the case of maize 59122 or any other GM plant), it can be assumed that, as an extremely 
rare event, homologous recombination can occur between the recombinant cry34Ab1, cry35Ab1 or pat 
genes and their natural variants as they may occur in B. thuringiensis (for cry34Ab1 and cry35Ab1) 
and S. viridochromogenes (for pat) or other not yet characterised soil bacteria with homologous genes. 
Such recombination events would only replace natural variants (substitutive recombination) and are 
therefore unlikely to provide any new property connected to a selective advantage for the recipient 
organisms (EFSA, 2009c). Double homologous recombination of the flanking regions with those on 
Ti-plasmids of A. tumefaciens would result in gene replacement, by which a cry34Ab1-cry35Ab1-pat 
gene construct would substitute genes for crown gall formation (loss of auxin-, cytokinin- and opine-
synthesising genes).  
In  addition  to  homology-based  recombination  processes,  illegitimate  recombination  that  does  not 
require DNA similarity between the recombining DNA molecules is theoretically possible. However, 
the transformation rates for illegitimate recombination are considered to be 10
10-fold lower than for 
homologous recombination (Hülter and Wackernagel, 2008; EFSA, 2009c). Illegitimate recombination 
events have not been detected in studies that have exposed bacteria to high concentrations of GM plant 
DNA  (EFSA,  2009c).  Thus,  this  process,  in  comparison  with  homologous  recombination,  is  not Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
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considered to contribute to horizontal gene transfer events. In comparison with the above-described 
homology-facilitated  recombination  processes,  the  contribution  of  illegitimate  recombination  is 
extremely low. 
(4) The expression and the function of the protein in the bacterial recipient 
The cry34Ab and cry35Ab1 genes of maize 59122 are regulated by promoters from maize and wheat. 
The pat gene is regulated by the promoter of the cauliflower mosaic virus. The expression of these 
constructs  in  bacteria  is  unknown,  but  generally  the  expression  level  of  eukaryotic  promoters  in 
bacteria is inefficient (Warren et al., 2008).  
(5) The selective advantage provided by the acquired recombinant gene-encoded traits 
In a worst-case scenario, considering the possibility of expression, an A. tumefaciens recipient would 
become capable of producing Cry34Ab1, Cry35Ab1 and PAT proteins. However, the exposure of 
bacterial communities to the recombinant genes in maize 59122 must be seen in the context of the 
natural occurrence and level of exposure to alternative sources of similar genes to which bacterial 
communities are continually exposed. As mentioned above, S. viridochromogenes and B. thuringiensis 
occur in soil and B. thuringiensis strains with the capacity to produce Cry34Ab1/Cry35Ab1 proteins 
are not unusual in terms of their geographic distribution and habitat (Schnepf et al., 2005). The pat 
gene originates from typical soil bacteria and natural variants of this gene have been found in several 
different species (Omura et al., 1984a,b; Kita et al., 2009). Furthermore, Bartsch and Tebbe (1989) 
found a large proportion of bacteria with tolerance to phosphinothricin due to mechanisms other than 
N-acetylation, including desamination. Thus, extremely rare transfer events would most likely not 
signficantly  affect  the  natural  background  of  resistance/tolerance  to  this  compound.  Owing  to  its 
specific lifestyle as a soil bacterium and plant pathogen, the EFSA GMO Panel considers it unlikely 
that A. tumefaciens would gain selective advantage from such a horizontal gene transfer by double 
homologous  recombination.  The  loss  of  gene 5  from  the  Ti-plasmid  will  cause  a  selective 
disadvantage  for  A. tumefaciens  as  the  tumour  induction  on  plants  will  be  impaired.  In  addition, 
further dissemination of the Ti plasmid to bacteria would be limited to the relatives of Agrobacterium 
within the Rhizobiaceae owing to the host range specificity of the Ti plasmid. 
The EFSA GMO Panel concludes that the cry34Ab1, cry35Ab1 or pat genes from maize 59122 may, 
on a theoretical basis, be transferred by double homologous recombination to A. tumefaciens. Owing 
to the natural occurrence of sequence similar cry34Ab1, cry35Ab1 and pat in the environment, a low 
level of gene transfer to A. tumefaciens is not regarded as conferring a novel selective advantage. 
Considering its intended uses as food and feed and for cultivation, and the above assessment, the 
EFSA GMO Panel has therefore not identified any concern associated with horizontal gene transfer 
from maize 59122 to bacteria. 
The NL CA concluded that ―the potential ecological impact due to gene transfer from 59122 to other 
maize or the soil micro flora is negligible‖ (Sections 6.3 of the environmental risk assessment report 
of the NL CA). 
6.2.2.2.  Plant to plant gene transfer and its consequences
36 
Maize is a cross-pollinating plant, relying on wind for the dispersal of its pollen. While maize pollen 
can be collected by honeybees and other insects, these pollinating insects play a minor role in the 
cross-pollination of maize plants (Eastham and Sweet, 2002; Malone and Burgess, 2009).  
Compared with other wind -pollinated species,  the  pollen grains of maize are relatively large (an 
average diameter of 90  m) and heavy (0.25   g) (Raynor et al., 1972; Di -Giovanni et al., 1995). 
Owing to their characteristics, maize pollen grains settle to the ground rapidly (Aylor et al., 2003) and 
have usually a short flight range (Jarosz et al., 2005). Approximately 95–99 % of the released pollen is 
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deposited within about 50 m from the source. However, vertical wind movements or gusts during 
pollen shedding can lift pollen up high in the atmosphere and distribute it over significant distances up 
to several kilometres (Jarosz et al., 2005; Astini et al., 2009; Vogler et al., 2009; Hofmann et al., 
2010). The concentrations of viable pollen decrease considerably with height (Aylor et al., 2006) and 
distance (Jarosz et al., 2005) from the source. Very low levels of cross-pollination can occur over 
distances  up  to  several  kilometres  under  suitable  climatic  conditions  (Bannert  and  Stamp,  2007; 
Delage et al., 2007; Langhof et al., 2010; Kawashima et al., 2011), but most cross-pollination events 
occur within 40 m of the pollen source (reviewed by Eastham and Sweet, 2002; Devos et al., 2005, 
2009b; van de Wiel and Lotz, 2006; Hüsken et al., 2007; Langhof and Rühl, 2008; Sanvido et al., 
2008; Ricroch et al., 2009; van de Wiel et al., 2009;  Czarnak-Klos and Rodríguez-Cerezo, 2010; 
Riesgo et al., 2010).  
Maize pollen is susceptible to desiccation, and water loss in pollen grains during dispersal reduce their 
ability to germinate on the stigma (Aylor, 2004). In addition, the water content of maize pollen affects 
its flight dynamics (Aylor, 2002, 2003; Aylor et al., 2003). During drying, the shape of maize pollen 
changes  from  a  prolate  spheroid  to  a  crinkled,  prismatic  solid,  and  its  density  increases  by 
approximately 16 %, and its settling speed decreases by approximately 34 %. These physical changes 
impact the potential transport distances of pollen. In general, the lightest pollen will travel the longest 
distances, but it will be the least viable (Aylor, 2002).  
The  EFSA  GMO  Panel  does  not  consider  pollen  dispersal  and  consequent  cross-pollination  as 
environmental hazards in themselves, and is primarily concerned with assessing the environmental 
consequences of transgene flow on ecosystems by considering the spread and fitness of hybrid and 
backcross progeny, as well as exposure to non-target organisms (Section 6.2.4, below).  
Theoretically,  seeds  originating  from  the  cross-pollination  of  certain  sexually  compatible  wild 
relatives  can  mediate  the  potential  spread  and  establishment  of  hybrid  and  backcross  progeny 
(Wilkinson et al., 2003; Morales and Traveset, 2008; Devos et al., 2009a). However, in the EU, there 
are no sexually cross-compatible wild relatives with which maize can hybridise and form backcross 
progeny  (Eastham  and  Sweet,  2002;  OECD,  2003).  The  only  recipient  plants  that  can  be  cross-
fertilised by maize are other cultivated maize varieties and types (Devos et al., 2005, 2009b; van de 
Wiel and Lotz, 2006; Hüsken et al., 2007; Sanvido et al., 2008; Bitocchi et al., 2009; Ricroch et al., 
2009; Czarnak-Klos and Rodríguez-Cerezo, 2010). As the molecular analysis and food/feed safety 
evaluation did not raise safety concerns (Sections 3 to 5, above; EFSA, 2007), the EFSA GMO Panel 
does not consider cross-pollination in maize an environmental risk, but an agricultural management 
and coexistence issue that is not within its remit.  
Seed-mediated establishment of maize and its survival outside cultivation is rare in spite of extensive 
cultivation in many countries and accidental seed dispersal. Maize plants have lost their ability to 
release seeds from the cob, so most seed dispersal is the result of harvesting and the post-harvest 
activities  of  farmers.  The  occurrence  of  some  GM  maize  plants  outside  cropped  areas  has  been 
reported in Korea and is attributed to seed spillage during import, transport, storage, handling and 
processing (Kim et al., 2006; Lee et al., 2009; Park et al., 2010). However, survival of maize outside 
cultivation in Europe is limited by a combination of low competitiveness, the absence of a dormancy 
phase, and susceptibility to plant pathogens, herbivores and cold climatic conditions. Furthermore, as 
these general characteristics are unchanged in maize 59122, it is considered very unlikely that it or its 
progeny will differ from conventional maize varieties in their ability to establish feral populations 
under European environmental conditions. The insect resistance and herbicide tolerance traits are not 
likely to provide selective advantages outside cultivation or other areas where glufosinate-ammonium-
based herbicides could be applied in Europe. Therefore, as for any other maize varieties (Raybould et 
al.,  2012),  maize  59122  plants  are  not  likely  to  establish  feral  populations  under  European 
environmental conditions. The contribution of occasional feral GM maize plants to the pollen flow 
into agricultural fields will be extremely small, compared with that from the crop. Moreover, field 
observations performed on maize volunteers after GM maize cultivation in Spain revealed that maize 
volunteers had a low vigour, rarely had cobs and produced pollen that cross-pollinated adjacent plants Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
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only at low levels (Palaudelmàs et al., 2009; Section 6.2.1, above). In comparison with GM maize 
volunteers, the vigour of occasional feral GM maize plants will be reduced because of the less suitable 
habitat outside agricultural fields. 
Because maize 59122 has no altered agronomic and phenotypic characteristics, except for the specific 
target  insect  resistance  and  herbicide  tolerance  (Section 6.2.1,  above),  the  EFSA  GMO  Panel 
concludes that the likelihood of unintended environmental effects as a consequence of spread of genes 
from maize 59122 is considered to be extremely low.  
The conclusion of the EFSA GMO Panel is consistent with that of the NL CA on maize 59122. The 
NL considered that ―maize has no sexually compatible wild or weedy species, therefore out crossing of 
59122 maize can only occur to other cultivated maize. If this would occur, the potential environmental 
impact of this maize would be comparable to that of 59122 maize‖. The NL CA concluded that ―the 
potential ecological impact due to gene transfer from 59122 to other maize or to the soil micro flora is 
therefore negligible‖ (Section 6.3 of the environmental risk assessment report of the NL CA). 
6.2.3.  Interactions of the GM plant with target organisms
37 
The potential of maize 59122 to cause adverse effects through direct or indirect interactions between 
the  GM  plant  and  target  organisms  was  evaluated  by  EFSA  GMO  Panel,  and  this  evaluation  is 
described below.  
6.2.3.1.  Adverse  effects  due  to  resistance  evolution  to  the  Cry34Ab1/Cry35Ab1  proteins  in 
coleopteran target pests 
There is a concern that the widespread, repeated, and exclusive use of Bt-maize that expresses the 
same Bt-protein by individual farmers as the sole pest management option against WCR will create 
significant  selection  pressure  and  increase  the  risk  of  the  target  insect  pest  evolving  resistance 
(Siegfried et al., 1998). Resistance is defined as the occurrence of a phenotype of an individual of the 
target  insect  pest  that  can  survive  on  the  Bt-plant  and  produce  viable  offspring  (Andow,  2008). 
Susceptibility of target insect pests to plant-produced Bt-proteins is viewed in some jurisdictions as a 
common good that should be preserved (Glaser and Matten, 2003; Bourguet et al., 2005; Gassmann 
and Hutchison, 2012) owing to the benefits of Bt-crops (Qaim, 2009; Carpenter, 2010; Hutchison et 
al., 2010; Areal et al., 2012; Lu et al., 2012; Wan et al., 2012; Haegele and Below, 2013; Shi et al., 
2013) and the broader use of sprayable Bt-formulations. Resistance evolution in target insect pests is 
not considered a direct environmental harm, but the consequences of the establishment of resistant 
populations may lead to altered pest management practices. Therefore, farmers may have to revert to 
the  currently  used  pest  management  tools;  e.g.,  insecticide  use,  which  might  have  a  higher 
environmental  impact,  use  of  biocontrol  programmes  on  a  larger  scale,  or  alteration  of  the 
cultivation/farming system (i.e., rotate maize with other crops) (Andow, 2008).  
Because resistance to chemical insecticides is known to evolve in insect pests (Whalon et al., 2013), 
the  potential  evolution  of  insect  resistance  to  Bt-proteins  constitutively  expressed  in  Bt-crops  is 
considered  a  relevant  environmental  and  agronomic  concern  by  the  scientific  community  (e.g., 
Tabashnik  et  al.,  2008a,b,  2009;  BEETLE  report,  2009).  Owing  to  its  behavioural  and  genetic 
plasticity, WCR has evolved resistance to broadcast cyclodiene insecticides used for larval control in 
the  1950s and early  1960s  (Ball and Weekman,  1962)  and  broadcast  insecticides  used  for  beetle 
management in the United States (Meinke et al., 1998; Wright et al., 2000; Siegfried et al., 2004). 
Moreover, in a growing portion of maize growing areas of the United States, a crop rotation-resistant 
WCR variant has evolved whereby females have adapted their egg-laying behaviour to lay eggs in 
crops other than maize, leading to damage in first-year maize in spite of crop rotation (Levine and 
Oloumi-Sadeghi, 1996; Levine et al., 2002; Onstad, 2008; Miller et al., 2009; Gray et al., 2009). Such 
a crop rotation-resistant WCR variant has not yet evolved in the EU. Gassmann et al. (2011) reported 
the first instance of field-selected resistance to a Diabrotica-active Bt-maize in WCR in Iowa (United 
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States). They found significantly higher survival of WCR larvae on maize MON 88017 from fields 
suffering severe WCR feeding damage than from control fields. 
In artificial laboratory and greenhouse selection experiments, a decreasing susceptibility of WCR to 
Cry34Ab1/Cry35Ab1  has  been  demonstrated  for  maize  59122.  This  increased  tolerance  to 
Cry34Ab1/Cry35Ab1 in two WCR colonies reared on maize 59122 seedlings was observed over 11 
generations of selection (Lefko et al., 2008). An increased WCR survivorship from the first generation 
to the ninth generation of 15- and 59-fold was found for the two WCR colonies that were selected to 
survive  on  maize  59122.  While  tolerance  levels increased  over  the  generations  of  selection,  they 
fluctuated considerably for the initial four to six generations, but tolerance remained stable after five to 
seven generations with a survival that was at least ten times greater than that observed during the first 
generation  of  selection.  After  one  and  six  generations  of  selection,  the  mean  population  fitness 
(number of adults divided by number of hatched eggs) was approximately 0.03 and 1.00, respectively. 
After ten and 11 generations of selection on maize 59122 with no random mating, the estimated h
2 
values declined from 0.29 to 0.11, suggesting that resistance in the two WCR colonies was not fixed 
under realistic exposure (Lefko et al., 2008). 
The  expression  of  Bt-proteins  in  maize  59122  is  low  to  moderate  and  some  susceptible  WCR 
individuals survive on Bt-maize. Therefore, only relatively low resistance ratios are expected. The 
reported  values  are  overall  at  least  an  order  of  magnitude  lower  than  those  found  for  some  Cry 
resistant Lepidoptera (Tabashnik et al., 2009; Siegfried and Hellmich, 2012), but  survival can be 
substantially enhanced on Bt-maize (Gassmann et al., 2012). Lefko et al. (2008) did not evaluate their 
selected  populations  in  the  field,  but  assessed  damage  to  maize  59122  from  two  selected  WCR 
populations under greenhouse conditions. Damage caused by WCR was shown to increase gradually 
with repeated generations of selection on Bt-maize relative to that caused by WCR from the first 
generation of selection, but overall damage remained low.  
Field-selected resistance of WCR to plant-produced Bt-proteins is documented only for Cry3Bb1 in 
some US maize growing areas in Iowa (Tabashnik 2008; Tabashnik et al. 2008a; Gassmann et al., 
2011, 2012). Multiple and increased performance failures of maize MON 88017 were also reported in 
Illinois, Minnesota, Nebraska and South Dakota (United States) (Gray, 2011a,b,c; US EPA, 2011a; 
Porter  et al.,  2012).  Given  that resistance  has  evolved  in  all  nine  of the  artificial  laboratory  and 
greenhouse  selection  experiments  conducted  with  Cry3Bb1-expressing  maize  within  just  a  few 
generations (Meihls et al., 2008; Meihls, 2010; Oswald et al., 2011), it is not surprising that resistance 
evolved under field conditions after three to seven generations of selection (Gassmann et al., 2011, 
2012). Cry3Bb1-expressing maize was first to market and has been the dominant Diabrotica-active Bt-
maize (Monsanto, 2009). The first approval for commercial cultivation for maize 59122 in the United 
States was in 2005, resulting in a lower market share compared with Cry3Bb1-expressing maize. As 
an increased tolerance to Cry34Ab1/Cry35Ab1 (Lefko et al., 2008) also evolved relatively quickly 
under laboratory and/or greenhouse settings, field-selected resistance to maize 59122 is possible too 
and  therefore  vigilance  should  be  exercised.  Tabashnik  and  Gould  (2012)  attributed  the  lack  of 
reported  field-selected  resistance  to  Cry34Ab1/Cry35Ab1  so  far  to  the  lower  exposure  of  WCR 
populations to these Bt-proteins, rather than an inherently lower risk of evolving resistance compared 
with Cry3Bb1. According to Tabashnik and Gould (2012), the similar estimated h
2 values for WCR 
resistance to Cry3Bb1 and Cry34Ab1/Cry35Ab1 suggest that the risk of resistance evolution is similar 
for  both  plant-produced  Bt-proteins.  However,  owing  to  the  specific  protein  structures  of 
Cry34Ab1/Cry35Ab1  (which  differ  from  that  of  three-domain-like  Bt-proteins),  the 
Cry34Ab1/Cry35Ab1 specific binding sites on WCR midgut membrane and the enhanced specific 
binding of Cry35Ab1 by Cry34Ab1, there is also the possibility of a different mechanism of action for 
Cry34Ab1/Cry35Ab1  (Li  et  al.,  2013),  which  may  result  in  an  inherently  lower  risk  of  evolving 
resistance compared with Cry3Bb1.  
Based on annual resistance monitoring data for Cry34Ab1/Cry35Ab1 generated by the applicant in the 
United States, the US EPA (2010b) suspected decreased susceptibility in WCR populations sampled in Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
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2008 (Table 2).
38 The applicant indicated that the susceptibility  of WCR in 2008, 2009 and 2010, as 
measured by the ratio of the highest to lowest LC50 and EC50 values (representing the least susceptible 
WCR population to the most susceptible WCR population), was similar to those in previous years. An 
increase  in  this  ratio  would  occur  if  a  population  shows  reduced  susceptibility  to  the 
Cry34Ab1/Cry35Ab1 proteins. Conversely, the maintenance of the same amount of variation suggests 
that natural variability is responsible for the range in susceptibility observed. Additional WCR samples 
taken in Iowa in 2009 exhibited an EC50 value similar to that of the susceptible laboratory strain. In 
addition, only one report of unexpected field damage on maize 59122 caused by WCR that might 
indicate reduced WCR susceptibility was received by the applicant during 2008–2010. A follow-up 
investigation  did  not  lead  to  resistance  being  suspected  in  the  problem  field.  Overall,  WCR 
susceptibility to Cry34Ab1/Cry35Ab1 in 2008, 2009 and 2010 had not significantly decreased since 
monitoring was initiated in 2004.  
Table 2:   Range  of  estimated  susceptibility  of  WCR  populations  to  Cry34Ab1/Cry35Ab1  as 
reported by Lepping et al. (2011).
39 WCR populations were collected in Minnesota, Nebraska, Iowa 
and Illinois (United States) 
WCR 
population  Sampling year  LC50 
(μg Cry34Ab1/Cry35Ab1 cm
2) 
EC50 
(μg Cry34Ab1/Cry35Ab1 cm
2) 
Field 
2004–2005  1.5–9.4 (4- to 7-day bioassays)  0.9–2.4 
2006  1. -7.3 (4- to 6-day bioassays)  0.8–2.3 
2007  3.0–11.5 (4-day bioassays)  0.96–3.7 
2008  6.2–15.4 (4-day bioassays)  2.0–7.9 
2009  45.9–93.3 (4-day bioassays)  1.9–5.7 
2010  6.7–33.7 (5-day bioassays)  2.4–7.6 
Laboratory  2010  14.9 (95 % CI: 9.6–24.2)  2.9 (95 % CI: 2.4–3.4) 
CI, confidence interval 
 
Based on the available data, the EFSA GMO Panel concludes that WCR has the ability to evolve 
resistance  to the  Cry34Ab1/Cry35Ab1  proteins, especially  if  maize  59122  is used  repeatedly  and 
exclusively,  and  the  WCR  infestation  levels  are  high.  The  possible  resistance  evolution  to  the 
Cry34Ab1/Cry35Ab1 proteins in coleopteran target pests is identified by the EFSA GMO Panel as a 
concern associated with the cultivation of maize 59122, as resistance evolution may lead to altered 
pest control practices that may cause adverse environmental effects. The EFSA GMO Panel therefore 
recommends  that  appropriate  risk  management  strategies  are  implemented  to  delay  and  monitor 
resistance  evolution.  Risk  mitigation  measures  and  post-market  environmental  monitoring  are 
discussed below in Section 6.3. 
The conclusion of the EFSA GMO Panel is consistent with that of the NL CA. According to the NL 
CA, ―resistance to Bt toxins in corn root worm during (commercial) cultivation cannot be excluded‖ 
(Section 6.4 of the environmental risk assessment report of the NL CA). 
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6.2.3.2.  Adverse effects on target organisms due to the expression of the PAT protein 
Potential effects on target organisms due to the expression of the PAT protein were considered an 
issue neither by the EFSA GMO Panel nor by the NL CA and Member States, because the protein 
does not interact with any specific target organisms. 
6.2.4.  Interactions of the GM plant with non-target organisms
40 
The potential of maize 59122 to have direct or indirect adverse effects on non-target organisms and the 
ecosystem services they provide, such as pollination, biological control or decomposition (Sanvido et 
al.,  2009;  Arpaia,  2010),  was  evaluated  by  the  EFSA  GMO  Panel.  This  evaluation  covers  the 
assessment of potential adverse environmental effects on non-target organisms due to intended and 
unintended changes in the GM plant (e.g., Hjältén et al., 2007; Desneux et al., 2010; Garcia-Alonso, 
2010; Raybould et al., 2010; Arpaia et al., 2011). Intended changes in the GM plant are those that 
fulfil the original objectives of the genetic modification, whereas unintended changes are defined as 
consistent differences between the GM plant and its appropriate comparator, which go beyond the 
primary intended changes of introducing the transgene(s) (EFSA, 2010b,c). These changes may have 
consequences for the environment, and it is the potential adverse nature of these consequences that 
requires assessment. The EFSA GMO Panel follows two distinct yet complementary approaches for 
the risk assessment of potential adverse effects on non-target organisms (EFSA, 2010b,c).  
The evaluation of potential adverse effects on non-target organisms due to intended and unintended 
changes in maize 59122 is described below.  
6.2.4.1.  Adverse effects on non-target organisms due to unintended changes in maize 59122 (weight-
of-evidence approach using event-specific in planta data) 
The  molecular  characterisation  of  the  DNA  insert  and  flanking  regions  of  maize  59122  did  not 
indicate  unintended  changes  due  to  the  insertion  (Section 3,  above).  Moreover,  no  biologically 
relevant differences in the composition of key analytes or agronomic and phenotypic characteristics 
were identified between maize 59122 and its conventional counterpart (EFSA, 2007; Herman et al., 
2007; CERA, 2013; Section 4, above). 
In order to reliably conclude on potential adverse effects on non-target organisms due to unintended 
changes in maize 59122, the EFSA GMO Panel reviewed all event-specific studies on main functional 
groups of non-target organisms such as (1) herbivores, (2) natural enemies, (3) pollinators and (4) 
decomposers.  
(1)  Herbivores:  The  applicant  provided  laboratory  studies  in  which  larvae  of  Danaus plexippus, 
monarch  butterfly  (Lepidoptera:  Danaidae),  Vanessa cardui,  painted  lady  (Lepidoptera: 
Nymphalidae) and Pieris rapae, cabbage white (Lepidoptera: Pieridae) were exposed to maize 
59122 pollen, in order to assess whether this pollen has adverse effects on these lepidopteran 
herbivores.  
-  D. plexippus: Treatments of the laboratory study included seven doses of maize 59122 pollen 
or that of the near-isogenic line (50, 100, 200, 400, 800, 1600 and 3200 pollen grains/cm
2) 
applied  evenly  over  entire  leaves  of  milkweed.
41  No  significant differences between  the 
monarch butterfly larvae that ingested maize 59122 pollen and those that ingested the pollen 
from the near-isogenic line were observed in terms of survival, weight gain, developmental 
life stage and consumption after 216 hours. 
-  V. cardui and P. rapae: Maize 59122 pollen was incorporated into an artificial diet at 10 % 
of the final dry weight, which corresponds to 2 ng Cry34Ab1 mg
-1 diet.
42 This concentration 
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in  the  diet  corresponds  to  10    the  expected  environmental  concentration  of  Cry34Ab1 
(assuming  171 pollen grains/cm
2  in-field  (Pleasants  et  al.,  2001),  a  pollen  grain  mass  of 
250 ng, 71 ng Cry34Ab1 mg
-1 pollen and 14.5 mg/cm
2 leaf). No differences in mortality of 
V. cardui and P. rapae larvae exposed to maize 59122 pollen for seven days was observed 
between  the  Bt-  and  non-Bt-maize  pollen  treatments  and  the  no-pollen  control  diet.  In 
addition, no statistically significant differences in larval weight between V. cardui larvae fed 
Bt- or non-Bt-maize were noted, but the larval weight of P. rapae larvae fed maize 59122 
pollen  was  statistically  significantly  lower  than  that  for  larvae  fed  non-Bt-maize  pollen. 
These latter results are not considered as biologically relevant, as the difference in weight 
was small and the weight ranges overlapped considerably between all treatments. 
Field trials conducted in the United States in 2005–2007, in Hungary in 2006–2008 and in Spain 
in 2005–2007 indicated no effects of maize 59122 on abundantly occurring herbivore populations 
such as aphids, lepidopteran pests, plant- and leafhoppers, and thrips.
43 
(2)  Natural enemies: The applicant performed two laboratory studies to evaluate the response of the 
predatory  coccinellids  Coleomegilla maculata  and  Coccinella septempunctata  (Coleoptera: 
Coccinellidae)  to  maize  59122  pollen.  C. maculata  is  a  non-indigenous  (American)  species 
occurring in maize fields and represents potentially exposed predators to maize 59122 under field 
conditions. It was selected by the applicant as a surrogate species, as it is amenable to laboratory 
rearing and testing. C. septempunctata is a widely spread predatory coccinellid species found in 
high abundance in maize fields across Europe (Meissle et al., 2012).  
-  C. maculata: In an in planta study, larvae were exposed to a diet consisting of 50 % maize 
59122  pollen  and  50 %  ground  corn  earworm  eggs.
44  Neonate larvae were placed in 
individual bioassay wells and allowed to feed ad libitum throughout the 14-day larval growth 
period.  There  was  no  significant  difference  in  mortality,  development,  or  adult  weight 
between C. maculata larvae fed a control diet, which did not contain active protein, and 
larvae fed treatments containing maize 59122 pollen. Following a request of the Belgian 
Biosafety  Advisory  Council  (in  the  frame  of  the  initial  environmental  risk  assessment 
evaluation of application EFSA-GMO-UK-2006-30), the applicant clarified that the maize 
pollen–egg mixture was ground completely to avoid selective feeding on lepidopteran eggs 
and to ensure sufficient exposure and ingestion of maize 59122 pollen.  
-  C. septempunctata: Exposing C. septempunctata larvae to a 1:3 ratio of maize 59122 pollen 
and moth eggs (m:m) had no adverse effects on time to adult emergence, adult weight and 
mortality  of  larvae,  compared  with the  non-Bt-maize  pollen:moth  egg-containing  control 
treatment.
45 The applicant provided evidence to confirm that the maize pollen–egg mixture 
was  ground  completely  to  avoid  selective  feeding  on  lepidopteran  eggs,  and  to  ensure 
sufficient exposure and ingestion of maize 59122 pollen.
46  
Field trials performed in the United States in the growing seasons 2004–2005
47 and 2005–2007
48, 
in Spain in the growing seasons 200 5–2007
49 and in Hungary in the growing seasons 200 6–
2008
50 delivered comprehensive data for  carabids, coccinellids, staphylinids, nabids,  Orius and 
                                                       
43  Additional  information  received  on  20/12/2007/Annexes  1–3:  Higgins  and  Hong  (2007)//27/01/2010/Annexes  8–9: 
Pascual and Hong (2009)//16/01/2012/Annexes: Higgins and Hong (2008a,b), Higgins et al. (2009) and Pascual (2010). 
44  Additional information received on 16/01/2012/Annex: Higgins and Binning (2002). 
45  Additional information received on 27/01/2010/Request 1/pages 1–3/Annex 2: Califf and Ostrem (2009)/Annex 3: Hong 
(2009). 
46  Additional information received on 11/02/2013/Point 4/pages 7–9/Figure 1/Annex: Boeckman (2012). 
47  Additional information received on 16/01/2012/Annex: Higgins and Dively (2006). 
48  Additional information received on 16/01/2012/Annex: Higgins et al. (2009). 
49  Additional information received on 20/12/2007/Annex es 1  and  3:  Higgins and Hong  (2007)//27/01/2010/Annex 9: 
Pascual and Hong (2008)//16/01/2012/Annex: Higgins and Hong (2008a). 
50  Additional information received on 20/12/2007/Annex 2 : Higgins and Hong (2007)//27/01/2010/Annex 8: Pascual and 
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Chrysopa species, and confirm the absence of adverse effects of maize 59122 on any of these 
predatory species. 
(3)  Pollinators:  A  26-day  laboratory  study  with  three-  to  five-day-old  honeybee  larvae 
(Apis mellifera; Hymenoptera: Apidae) was provided by the applicant.
51 Honeybee was selected 
as representative of potentially exposed pollinators in maize fields (Meissle et al., 2012). 
Individual larvae were  fed 2 mg pollen collected from  either maize 59122 or  the near-isogenic 
counterpart. Larval survival was evaluated six and 12 days after treatment, and adult emergence 
was evaluated 26 days after treatment. No statistical differences in larval mortality between those 
fed maize 59122 pollen and non -Bt-maize pollen were observed. Honeybee development and 
survival were not affected by exposure to maize 59122 pollen.  
(4)  Decomposers:  A  28-day  laboratory  study  with  juvenile  Folsomia candida  (Collembola: 
Isotomidae) was conducted to determine the chronic effects of whole maize 59122 plant material 
on their survival and reproduction.
52 The collembolan F. candida was selected as representative 
of potentially exposed decomposers in the soil. The test diet consisted of a homogeneous mixture 
of dry yeast (95.8 %) and lyophilised maize (4.2 %). Maize 59122 plant material had no adverse 
effect on survival and reproduction of F. candida as compared with those exposed to the control 
diets (yeast only or 4.2 % non-Bt-maize with yeast).  
The applicant also provided a higher-tier study which was performed in the United States during 
the  growing  season  2004–2005,  and in  which  the  soil-litter  community  was monitored.
53  No 
negative impact of maize 59122 was observed on field densities of abundantly occurring 
Collembolla and soil mites.  
Based on the evidence provided by the applicant on maize 59122, the EFSA GMO Panel concludes 
that there are no indications of adverse effects on non-target organisms due to unintended changes in 
maize 59122.  Therefore, the EFSA GMO Panel considers  trait-specific information appropriate to 
assess whether maize 59122 poses a risk to non-target organisms. The assessment of potential adverse 
effects on non-target organisms due to the expression of the Cry34Ab1/Cry35Ab1 and PAT proteins is 
described in Sections 6.2.4.2 and 6.2.4.3, respectively. 
6.2.4.2.  Adverse effects on non-target organisms due to the expression of the Cry34Ab1/Cry35Ab1 
proteins (tiered approach) 
Equivalence of microbe-produced Cry34Ab1/Cry35Ab1 proteins to those expressed in maize 59122 
The equivalence of the microbe-produced Cry34Ab1/Cry35Ab1 proteins used in some of the lower-
tier studies (Tier 1a) provided by the applicant with those expressed in maize 59122 was shown and 
previously evaluated by the EFSA GMO Panel (see EFSA, 2007).
54 Therefore, the EFSA GMO Panel 
concludes that the outcomes of lower-tier studies with non -target organisms fed a diet containing 
microbe-produced  Cry34Ab1/Cry35Ab1  proteins  can  be  used to  inform  the  environmental risk 
assessment of maize 59122.  
Effects on non-target terrestrial (plant- and ground-dwelling) arthropods 
It has been reported that up to 1000 non-target arthropod species can occur in maize fields in the EU 
(Knecht et al., 2010; Meissle et al., 2012). Therefore, several non-target arthropods are likely to be 
exposed to plant-produced Bt-proteins when cultivated. These non-target arthropods can be exposed to 
Bt-proteins when feeding on plant material (including pollen) or honeydew excreted from sap-sucking 
species, and/or when feeding on prey/host organisms which have previously been feeding on Bt-maize 
                                                       
51  Technical dossier/section D.1/Annex 26: Maggi (2001). 
52   Additional information received on 16/01/2012/Annex: Teixeira (2006b). 
53  Additional information received on 16/01/2012/Annex: Higgins and Dively (2006). 
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(Andow et al., 2006; Romeis et al., 2006, 2008a,b; Lundgren, 2009). These species however are only 
at risk if the Bt-proteins show toxicity at a realistic level of exposure (e.g., Head et al., 2001; Dutton et 
al., 2002; Harwood et al., 2005; Vojtech et al., 2005; Obrist et al., 2005, 2006a,b,c; Torres et al., 2006; 
Raybould, 2007; Torres and Ruberson, 2008; Meissle and Romeis, 2009a,b; Romeis and Meissle, 
2011). Because not all of the exposed species can be tested from a practical viewpoint, the toxicity of 
Bt-proteins is tested generally on a representative subset of species using a tiered approach (Garcia-
Alonso et al., 2006; Rose, 2007; Romeis et al., 2006, 2008a). In the case of maize 59122 and in line 
with the EFSA GMO Panel guidance document on the environmental risk assessment of GM plants 
(EFSA,  2010c),  the  applicant  selected  a  representative  subset  of  non-target  arthropod  species  for 
testing purposes based on the ecological relevance of the species, the likely exposure of the species to 
maize 59122 under field conditions, species susceptibility to the Cry34Ab1/Cry35Ab1 proteins, and 
testability. Although the applicants‘ rationale as to why specific non-target organisms were chosen for 
testing  purposes  is  comprehensive,  the  representativeness  of  some  of  the  selected  species  as 
representative  of  a  valued  group  of  non-target  organisms  (e.g.,  C. maculata,  Nasonia vitripennis), 
including their likely exposure to maize 59122 under field conditions, is questionable.  
The applicant conducted and reviewed a series of lower-tier studies (dietary bioassays) on several non-
target arthropod species representative of different functional groups, including  herbivores, natural 
enemies (predators and parasitoids), pollinators and decomposers.
55 The EFSA GMO Panel notes that 
some of the lower-tier studies conducted by the applicant  do not adhere to the general principles of 
good laboratory study design (see Rose, 2007; Romeis et al., 2011 for recommendations for the design 
of laboratory studies on non -target arthropods), and therefore  cannot  be used  to  support  the risk 
assessment.  These lower-tier studies, limitations in  the  experiments  and  the  remaining scientific 
uncertainties are described in more detail below. 
Herbivores: Herbivores (prey/host organisms) are an important food source for other species of the 
food  web,  can  ingest  plant-produced  Bt-proteins  when  feeding  on  Bt-plants,  and  can  transfer  Bt-
proteins to higher trophic levels. The level at which different herbivores ingest Bt-proteins depends on 
the site and time of protein expression in the plant, the mode of feeding of the herbivore, and the 
amount of plant material they ingest. 
-  Herbivore  species  from  the  target  taxon  (Coleoptera:  Chrysomelidae):  The  activity  of  the 
Cry34Ab1/Cry35Ab1  proteins  is  likely  to  be  broader  than  the  target  pest  species  (corn 
rootworms)  or  other  putative  chrysomelid  targets  such  as  the  cereal  leaf  beetle, 
Oulema melanopus, and include other non-target Chrysomelidae. The applicant tested the green 
dock leaf beetle, Gastrophysa viridula, and a lower mean adult body weight was observed when 
larvae were exposed to 600–800 maize 59122 pollen grains/cm
2 compared with those fed non-Bt-
maize pollen, indicating that the Cry34Ab1/Cry35Ab1 proteins have insecticidal activity against 
Chrysomelidae other than corn rootworms.
56 
Non-target  Chrysomelids  are  regularly  found  in  maize  fields  and  can  be  exposed  to  the 
Cry34Ab1/Cry35Ab1 proteins based on their herbivorous feeding habits, as shown for the genera 
Chaetocnema, Longitarsus, Oulema and Phyllotreta (Kiss et al., 2002, 2004; Daly and Buntin, 
2005;  Eckert  et  al.,  2005;  Harwood  et  al.,  2005;  Obrist  et  al.,  2006b;  Knecht  et  al.,  2010; 
Rauschen et al., 2010a). Based on a literature review and targeted interrogations of an EU fauna 
arthropod  database  (see  Knecht  et  al.,  2010;  Meissle  et  al.,  2012
57), the applicant listed 32 
different non-target chrysomelid species that may occur in and around maize fields.
58 The EFSA 
GMO Panel notes that host plants for most of the listed chrysomelid species do not belong to the 
Gramineae  family.  Only  two  non-target  chrysomelid  species,  O. melanopus  and 
Phyllotreta vittula,  which  are  considered  pests,  were  found  to  use  maize  as  host  plant.  This 
conclusion is consistent with the findings reported by Rauschen et al. (2010a) for Germany and 
                                                       
55  Additional information received on 08/01/2009, 27/01/2010 and 16/01/2012. 
56  Additional information received on 16/01/2012/Request 1.1/pages 11–19/Annex: Székács and Kong (2011). 
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58  Additional information received on 16/01/2012/Request 1/pages 11–19. Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
 
33  EFSA Journal 2013;11(3):3135 
Kiss et al. (2002, 2004) for Hungary. Rauschen et al. (2010a) showed that Chrysomelidae are one 
of the most abundant families of Coleoptera in maize fields in Germany, but that their occurrence 
is mainly restricted to the chrysomelid pests Phyllotreta spp. (see also Kiss et al., 2002, 2004 for 
Hungary). Because leaf beetles that use maize as host plant can induce visible damage to maize 
plants, a reduction in their densities is not regarded as an environmental concern (Rauschen et al., 
2010a). Therefore, the EFSA GMO Panel focused its assessment on potential adverse effects of 
maize 59122 on non-target (non-pest) chrysomelid species found in and around maize fields.  
Non-target  adult  chrysomelids,  which  may  occasionally  feed  on  maize  59122  plants, are  not 
expected to be affected by maize 59122 due to the low activity of Cry34Ab1/Cry35Ab1 on adults. 
Furthermore, the only protected chrysomelid species (Macroplea pubipennis) considered to be at 
risk across the EU (under Directive 92/43/EEC on conservation of natural habitats and of wild 
fauna and flora) does not occur in maize fields owing to its aquatic lifestyle. The only remaining 
potential risk to non-target chrysomelid species from maize 59122 is therefore the ingestion of 
harmful  amounts  of  pollen  deposited  on  their  host  plants  in  and  around  maize  fields.  This 
potential risk is the highest for neonates and younger (early) instars, as older (later) instars and 
adults are inherently less susceptible to Bt-proteins. 
To  be  in  a  position  to  evaluate  the  potential  risk  to  larvae  of  non-target  chrysomelids  from 
exposure to maize 59122 pollen, the EFSA GMO Panel requested the applicant to provide: (1) 
toxicity data for a representative chrysomelid species; and (2) an exposure analysis. 
(1)  In the Tier 1b study with the chrysomelid species G. viridula, larvae were exposed to three 
different  pollen  concentrations:  50–100,  300–400  or  600–800  maize  59122  pollen 
grains/cm
2.
59  These  concentrations  were  selected  to  approximate  mean  in -field  pollen 
deposition rates (e.g., mean in-field rates of 171 pollen grains/cm
2 reported by Pleasants et 
al. (2001) and 250–500 pollen grains/cm
2 reported by Gathmann et al. (2006), and at least 
10   the reported pollen deposition rate at the field margin (e.g., means ranged from 63.1 
pollen grains/cm
2 at the edge of the field (0 m) to 8 pollen grains/cm
2 at 4–5 m from the edge 
of the field (Pleasants et al., 2001)). A prospective power analysis indicated that 60 larvae 
per group were sufficient to detect a 20 % mortality increase with a power of at least 70.4 %, 
and  a  20 %  weight  change  with  a  power  of  at  least  86.0 %.  No  statistically  significant 
differences in mortality of G. viridula larvae were observed between the larvae fed maize 
59122  pollen  or  non-Bt-maize  pollen  at  concentrations  of  50–100,  300–400  or  600–800 
pollen grains/cm
2. In addition, no reduction in mean body weight was found at levels of 50–
100 pollen grains/cm
2 and 300–400 pollen grains/cm
2. However, at 600–800 maize 59122 
pollen grains/cm
2, the mean adult body weight was lower than that of beetles fed pollen from 
near-isoline maize plants as larvae. The applicant argued that the difference was < 10 % and 
was noted only at the highest pollen deposition rate, which is the upper range of reported in-
field values, and is therefore unlikely to be biologically relevant.  
Because G. viridula is taxonomically related to the target pest, the adverse effect on mean 
adult body weight observed at concentrations of 600–800 maize 59122 pollen grains/cm
2 is 
not unexpected. It should be noted that the bioactivity of the Cry34Ab1 protein in the thawed 
pollen, which was used as test substance in the above described  Tier 1b study, was not 
quantified. Therefore, it cannot be ruled out that storage conditions affected the bioactivity of 
the Cry34Ab1 protein in maize 59122 pollen. Maize 59122 pollen was lyophilised within 
approximately three months of harvest (pollen was stored frozen (≤ –10 °C) prior to and 
following lyophilisation). The lyophilised pollen was shipped frozen (on dry ice), and was 
stored in a freezer maintained at –20 ± 8 °C prior to use. The total length of time the maize 
59122 pollen was stored frozen was approximately 12 months.
60 The reported effect on mean 
adult body weight confirms that the  Cry34Ab1 protein in the thawed maize 59122 pollen 
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retained some level of bioactivity. ELISA data, provided upon request of the EFSA GMO 
Panel, confirm that the  concentration of Cry34Ab1 protein in the retained subsample of 
thawed  maize  59122  pollen  after  storage  was  160 ng/mg  (dry  weight)
61,  but  give  no 
indication of the  exact  level of  bioactivity of the  Cry34Ab1  protein in thawed pollen.  
Therefore, an underestimation of the hazard cannot be excluded. 
(2)  Upon request of the EFSA GMO Panel, the applicant  provided a theoretical  exposure 
assessment, in which pollen deposition rates, protein concentrations and stability in pollen, 
cropping area,  characteristics of the host plant and life history characteristics geographic 
range, habitat preference and feeding behaviour of non -target chrysomelids, and temporal 
and spatial overlap of larvae with pollen shed were taken into consideration. Several factors 
will limit the potential for harm to arise. ( i) High pollen concentrations are unlikely to be 
observed under field conditions. Mean maize pollen densities reported range from 150 to 500 
pollen grains/cm
2 in-field and are less than 100 pollen grains/cm
2 in field margins (Wraight 
et al., 2000; Pleasants et al., 2001; Dively et al., 2004; Kawashima et al., 2004; Lang et al., 
2004;  Gathmann  et  al.,  2006;  Schuppener  et  al.,  2012).
62  (ii)  The  expression  of  the 
Cry35Ab1 protein is very low in pollen (Table 1), which significantly decreases the potential 
toxicity of maize 59122 pollen compared  with other plant tissues in which both Bt-proteins 
are fully expressed.
63 Activity of the Cry34Ab1 is significantly potentiated in the presence of 
the Cry35Ab1 protein (H erman et al., 2002 b).  (iii)  Non-target (non-pest)  chrysomelid 
species found in maize in Europe are low in abundance due to their preference for other 
habitats or host plants (Knecht et al., 2010; Meissle et al., 2012).  Approximately 70 % of 
chrysomelids  (l arvae)  in  Central  Europe  are  endophagous,  rhizophagous  or 
phytosaprophagous on plants other than maize, and will therefore not be exposed to maize 
59122 pollen (Huber and Langenbruch, 2008). (iv) Rainfall events or heavy dew may wash 
pollen from the maize or host plant leaves (Pleasants et al., 2001), or may result in lysis and 
bursting of the pollen grains (Li et al., 2010). ( v) The duration of pollen shed for cultivated 
maize can be variable, resulting in a different overlap with sensitive larvae occurrin g in or 
nearby maize fields (e.g., Oberhauser et al., 2001).  
Although  the  susceptibility  of  the  larvae  of  most  non -target  chrysomelid  species  to  the 
Cry34Ab1/Cry35Ab1 proteins is not known and  data on some aspects of exposure, particularly 
plant–insect phenology, host plant characteristics, pollen consumption and subsequent mortality 
in field conditions, are rare within Europe, the EFSA GMO Panel concludes that the risk of maize 
59122 to non-target (non-pest) chrysomelid species in the field is low due to their low occurrence 
and  abundance  in  maize  fields  and  because  of  the  low  likelihood  of  encountering  harmful 
amounts of pollen from maize 59122 in and around maize fields. Non-target adult chrysomelids, 
which may occasionally feed on maize 59122 plants, are not expected to be affected due to the 
low  activity  of  the  Cry34Ab1/Cry35Ab1  proteins  on  adults.  Furthermore,  the  only  protected 
chrysomelid  species  (Macroplea pubipennis)  considered  to  be  at  risk  across  the  EU  (under 
Directive 92/43/EEC on conservation of natural habitats and of wild fauna and flora) does not 
occur in maize fields. 
-  Herbivore  species  from  taxa  other  than  the  target  taxon  (non-chrysomelids):  The  applicant 
provided  several  lower-tier  studies  in  which  the  activity  spectrum  of  a  mixture  of  the 
Cry34Ab1/Cry35Ab1  proteins  was  assessed  on  a  range  of  herbivores  that  either  are 
taxonomically related to the Chrysomelidae family, or that are likely to be exposed to the plant-
produced  Bt-proteins  owing  to  their  herbivorous  feeding  habits.  These  lower-tier  studies, 
limitations in the experiments and the remaining scientific uncertainties are described in more 
detail below. 
                                                       
61  Additional information received on 02/10/2012/Request 1.1/page 2/Appendix 2. 
62  Additional information received on 16/01/2012/Request 1/pages 18–19/Annex: Székács and Kong (2011). 
63  Technical dossier/Section D1/Annex 25: Poletika (2003). Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
 
35  EFSA Journal 2013;11(3):3135 
(1)  In a Tier 1a study, seven coleopteran storage pests belonging to the families of Bostrichidae, 
Curculionidae, Dermestidae, Laemophloeidae, Silvanidae and Tenebrionidae, as well as one 
lepidopteran  storage  pest,  were  screened  for  susceptibility  to  the  Cry34Ab1/Cry35Ab1 
proteins.
64 The Cry34Ab1/Cry35Ab1 proteins at 0.9 or 1 % of the diet were tested against 
larvae  of   Rhyzopertha dominica,  lesser  grain  borer  (Coleoptera:  Bostrichidae); 
Sitophilus oryzae,  rice  weevil  (Coleoptera:  Curculionidae);  Trogoderma variabile, 
warehouse  beetle  (Coleoptera:  Dermestidae);  Cryptolestes pusillus,  flat  grain  beetle 
(Coleoptera:  Laemophloeidae);  Oryzaephilus surinamensis,  sawtoothed  grain  beetle 
(Coleoptera: Silvanidae); Tenebrio molitor, yellow mealworm and Tribolium castaneum, red 
flour beetle (Coleoptera: Tenebrionidae); and Sitotroga cerealella, Angoumois grain moth 
(Lepidoptera: Gelechiidae). No overall reproducible and statistically significant differences 
in weight, mortality and/or development time were observed between control and treated 
coleopteran larvae. No delay in pupation by survivors was observed for the lepidopteran 
storage pest S. cerealella, but larval mortality was significantly higher. In their publication, 
the authors indicated that significant problems with the S. cerealella bioassays occurred, and 
that no method or diet was judged satisfactory for routine screening of compounds with this 
insect species. The authors also indicated that the apparent activity of Cry34Ab1/Cry35Ab1 
against S. cerealella warrants additional investigation to confirm the finding. S. cerealella is 
not considered a pest of field crops but it is primarily associated with stored foods (Oppert et 
al., 2010). 
(2)  In  another  Tier 1a  study,  three  lepidopterans,  Ostrinia nubilalis,  European  corn  borer 
(Lepidoptera:  Crambidae),  Agrotis ipsilon,  black  cutworm,  and  Helicoverpa zea,  corn 
earworm  (Lepidoptera:  Noctuidae),  and  the  corn  leaf  aphid  Rhopalosiphum maidis 
(Hemiptera:  Aphididae)  were  exposed  to  artificial  diets  containing  Cry34Ab1/Cry35Ab1 
mixtures.
65 Owing to the low replicate numbers and the high variability in mortality, ranging 
from 0 to 80 % to a single test substance concentration in the experiments with the corn leaf 
aphid, no conclusions on the potential activity of Cry34Ab1/Cry35Ab1 to aphids can be 
drawn from this study. Results for the lepidopteran species  suggest that their survival was 
not affected by the maximum dose applied (400  μg Cry34Ab1/Cry35Ab1 cm
-2). However, 
the larvae of the European corn borer exhibited a low level of growth inhibition at high 
Cry34Ab1/Cry35Ab1 concentrations. The applicant considered that the observed effect on 
the European corn borer was most likely due to impurities (salt and buffer constituents) in 
the  lyophilised  purified  Bt-protein  powders  used  as  test  material  in  the  experiment.
66 
However, no additional evidence on the purity of the used Bt-protein batch was provided by 
the applicant to substantiate its statement. 
(3)  In  a  lower-tier  study  designed  to  investigate  the  potential  for  synergism  between 
Cry34Ab1/Cry35Ab1  and  Cry1F  proteins  on  the  European  corn  borer  and  SCR,  slight 
growth inhibition was observed in European corn borer larvae exposed to diets containing 
the Cry34Ab1/Cry35Ab1 proteins at 5 µg/cm
2 each.
67 A single set of concentrations was 
used for each Bt-protein applied alone and in a mixture. The applicant considered that the 
observed effect on the European corn borer was most likely due to impurities (salt and buffer 
constituents)  in  the  lyophilised  purified  Bt-protein  powders  used  as  test  material  in  the 
experiment.
68 However, no additional evidence on the purity of the used  Bt-protein batch 
was provided by the applicant to substantiate its statement. 
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(4)  Tier 1b studies with the lepidopteran species D. plexippus
69, V. cardui
70 and P. rapae
71 larvae 
fed maize 59122 pollen showed that these herbivores are not adversely affected by maize 
59122 pollen (see Section 6.2.4.1, above). In addition, there was no feeding inhibition or 
effect on the mortality of European corn borer larvae feeding on maize 59122 leaf tissues.
72  
The applicant also reported on a series of higher -tier studies in which the potential impact of 
maize 59122 on several phytophagous arthropod species  in the United States and EU (Hungary 
and Spain) was assessed. No negative impact of maize 59122 was observed on field densities of 
abundantly occurring aphids, lepidopteran pests, plant- and leafhoppers, and thrips.
73 The results 
of these higher-tier studies confirm the conclusions of the lower-tier studies, and indicate that the 
Cry34Ab1/Cry35Ab1 proteins have little or no activity on species other than chrysomelids. 
The apparent activity of Cry34Ab1/Cry35Ab1 at high concentrations against the lepidopteran species 
(e.g.,  O. nubilalis  and  S. cerealella)  was  not  expected  based  on  the  known  spectrum  of  activity 
(Coleoptera only) of these binary proteins. The EFSA GMO Panel considers that there are indications 
of a potential hazard to Lepidoptera owing to cross-order activity at high Cry34Ab1/Cry35Ab1 protein 
concentrations. However, for those non-target lepidopterans that are pests of maize, some reduction in 
their  densities  is  not  regarded  as  an  environmental  concern.  Tier 1b  studies  with  the  non-target 
lepidopteran species D. plexippus, V. cardui and P. rapae larvae fed maize 59122 pollen have shown 
that  these  herbivores  are  not  adversely  affected  by  maize  59122  pollen.  Moreover,  a  theoretical 
exposure assessment indicated that the amount of pollen from maize 59122 found in and around maize 
fields is unlikely to adversely affect a significant proportion of non-target lepidopteran larvae. Based 
on the submitted toxicity data and a theoretical exposure assessment, no risk to non-target Lepidoptera 
is expected from exposure to maize 59122 pollen in the field.  
Natural enemies (predators and parasitoids): Predators and parasitoids are likely to be exposed to 
plant-produced Bt-proteins when feeding on phytophagous arthropods that contain Bt-proteins or Bt-
containing maize plant material. Several species of spiders, ground beetles, ladybirds, rove beetles, 
predatory bugs, and larvae of Chrysoperla spp. are known to be predators of herbivores (including 
pest insects) found in maize. Furthermore, parasitic wasps attack a variety of herbivores occurring in 
maize ecosystems. In addition, many predators are facultative herbivores feeding on pollen, nectar and 
plant  juices,  while  parasitoids  primarily  feed  from  (extra-)floral  nectaries.  Adults  of  the  green 
lacewing Chrysoperla carnea (Neuroptera: Chrysopidae) are not predacious, but are prevalent pollen 
consumers in maize fields. Despite the broader feeding habits of some species, the species for which 
the primary valued function is pest regulation are addressed below. 
The  applicant  conducted  lower-tier  studies  with  the  following  predatory  coleopterans 
Poecilus cupreus,  Hippodamia convergens,  C. maculata  and  C. septempunctata;  the  neuropteran 
C. carnea; and the hemipteran Orius lavigatus. In addition, the applicant provided a lower-tier study 
with  the  hymenopteran  parasitic  wasp  N. vitripennis.  These  lower-tier  studies,  limitations  in  the 
experiments and the remaining scientific uncertainties are described in more detail below. 
-  Coleoptera: Carabidae (ground beetles): Meissle et al. (2012) reported that P. cupreus is one of 
the most collected carabid species in maize fields in Europe, is likely to be exposed to the plant-
produced Cry34Ab1/Cry35Ab1 proteins through prey it consumes, and is amenable to testing. In 
a Tier 1a study, larvae of the focal species P. cupreus were fed blowfly (Calliphora vomitoria) 
pupae injected with a purified protein solution containing Cry34Ab1/Cry35Ab1 at concentrations 
of 1000 ng Cry34Ab1 mg
-1 and 333 ng Cry35Ab1 mg
-1.
74 This dose represents 10   the average 
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expression level in maize 59122 leaves at time of harvest. Survival of the ground beetle larvae 
was monitored throughout pupation and adult emergence. There was no statistically significant 
difference in preimaginal mortality, mean development time, or mean adult weight of beetles fed 
Cry34Ab1/Cry35Ab1  proteins,  relative  to  the  negative  controls.  Although  the 
Cry34Ab1/Cry35Ab1 concentrations in thawed blowfly pupae used a food source for P. cupreus 
reduced to 350 ng/mg for  Cry34Ab1 and 203 ng/mg for  Cry35Ab1, they were shown by the 
applicant still to exceed the worst-case expected environmental concentrations through: (1) direct 
feeding on decomposing plant tissue; or (2) exposure to soil-bound protein entering the soil via 
root sloughing or plant tissue decomposition.
75 Like many other ground beetles, P. cupreus is a 
generalist predator that occasionally consumes vegetal matter.  
(1)  The  worst-case  expected  environmental  concentration  for  ground  beetles  exposed  to 
Cry34Ab1/Cry35Ab1 through direct feeding on decomposing plant tissue from maize 59122 
was  set  by  the  applicant  as  100 %  of  the  R6  whole  plant  tissue  concentration,  i.e., 
200 ng Cry34Ab1 mg
-1 and 47.5 ng Cry35Ab1 mg
-1 (dry weight).  
(2)  For ground beetles exposed to soil-bound protein entering the soil via root sloughing or plant 
tissue decomposition the worst-case expected environmental concentration was calculated to 
be 20 ng Cry34Ab1 mg
-1 soil and 4.75 ng Cry35Ab1 mg
-1 soil.  
The  EFSA  GMO  Panel  notes  that  the  above-calculated  worst-case  expected  environmental 
concentrations  are  very  conservative,  as  they  assume  that  there  is  no  degradation  of  the 
Cry34Ab1/Cry35Ab1  proteins  in  plant  tissues  or  in  soil,  and  that  the  proteins  are  100 % 
bioavailable, which is unlikely under environmental conditions. Based on the submitted toxicity 
data and estimated worst-case expected environmental concentrations, no hazard to P. cupreus 
and  no  risk  to  carabids  are  expected  from  exposure  to  plant-produced  Cry34Ab1/Cry35Ab1 
proteins or maize 59122 in the field. 
-  Coleoptera:  Coccinellidae  (ladybirds):  The  lower-tier  study  on  the  surrogate  species 
H. convergens did not reveal adverse effects on survival and behaviour (e.g., signs of lethargy or 
immobility) of adult beetles at a concentration of 280 µg Cry34Ab1/Cry35Ab1 mL
-1, representing 
10    the  expected  environmental  concentration  in  maize  59122  pollen,  after  11 days  of 
exposure.
76 
Further data on coccinellids have been provided by the applicant.  Two lower-tier studies were 
conducted with the surrogate species C. maculata.  
(1)  In  a  seven-day  Tier 1a  study,  larvae  were  exposed  to  diets  containing  purified 
Cry34Ab1/Cry35Ab1  proteins  mixed  with  artificial diet  at  10   the concentration  of the 
expected  field  maize  59122  pollen  concentration.
77  The  Cry34Ab1/Cry35Ab1  protein 
concentration in maize 59122 pollen is a relevant way  of estimating realistic exposure for 
C. maculata,  as  both  larvae  and  adults  commonly  feed  on  pollen  in  addition  to  being 
predacious, and exposure to maize 59122 pollen could be significant during the period of 
pollen  shed.  The  mixture  of  Cry341Ab/Cry35Ab1  proteins  was  administered  in  a 
concentration  of  901 µg/g  of  artificial  diet.  The  Cry34Ab1  protein  was  incorporated  at 
900 ppm and Cry35Ab1 protein at 1 ppm; this ratio is based on Cry34Ab1 and Cry35Ab1 
expression in maize 59122 pollen. The stability of Cry34Ab1/Cry35Ab1 in the artificial diet 
was not tested. A retrospective power analysis requested by the NL CA demonstrated that 
this study had sufficient statistical power (80 %) to detect an effect size ranging between 
30 % and 50 % or less; the experiment was able to detect a minimum of 25 % increase in 
mortality at a level of 95 % power and a 25 % decrease in larval weight at a level of 99 % 
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power.
78 Because toxins specific to coccinellids are lacking, the applicant indicated that  no 
positive control (toxic/reference) substance could be used in the experiment. The EFSA 
GMO Panel does not agree with this statement and notes that positive controls including 
potassium arsenate and the protease inhibitor E-64 could have been used (Álvarez-Alfageme 
et al., 2012).  No adverse effects on survival were observed after seven days of feeding. 
However, larval weight was reduced significantly in  C. maculata  larvae  that  fed  on  the 
Cry34Ab1/Cry35Ab1-containing diet compared with larvae fed control diets, pointing to a 
significant growth inhibition (80 % growth reduction). The EFSA GMO Panel notes that a 
reduction  in  larval  weight  can  have  a  pronounced  effect  on  the  life  expectation  and 
reproduction ability of insects, and thus on population dynamics. Because the Bt-proteins 
(active or heat-inactivated) were dissolved in de-ionised water, the observed effects cannot 
be attributed to impurities in the Bt-formulations. 
(2)  In line with the tiered approach, the findings from the Tier 1a study triggered further testing 
under  more  realistic  conditions  of  exposure  (Romeis  et  al.,  2008a).  In  a  Tier 1b  study, 
C. maculata larvae were fed diets containing a 1:1 weight mixture of corn earworm eggs and 
maize 59122 pollen.
79 A retrospective power analysis requested by the NL CA demonstrated 
that this study had sufficient statistical power (80 %) to detect an effect size ranging between 
30 % and 50 % or less; the experiment was able to detect a minimum of a 30 % increase in 
mortality at a level of 89 % power, and a 25 % decrease in adult weight at a level of 99  % 
power.
80 The bioactivity of Cry34Ab1 in maize 59122 pollen was not quantified. Following 
a  request  from  the  Belgian  Biosafety  Advisory  Council  (in  the  frame  of  the  initial 
environmental risk assessment evaluation of application EFSA -GMO-UK-2006-30), the 
applicant clarified that the maize pollen –egg  mixture  was  ground  completely  to  avoid 
selective feeding on lepidopteran eggs, and to ensure sufficient exposure and ingestion of 
maize 59122 pollen. No adverse effects were observed on mortality, development, or adult 
weight of C. maculata larvae fed a diet consisting of 50 % maize 59122 pollen and 50 % 
ground  corn  earworm  eggs  at  1.5    the  expected  exposure  rate  of  inbred  pollen  (see 
Section 6.2.4.1, above). 
Submitted data show that Cry34Ab1/Cry35Ab1 proteins may be toxic to C. maculata at dose 
levels that exceed field exposure (see Tier 1a study, above). However, as adverse effects were not 
seen at field dose levels (see Tier 1b study, above) when C. maculata larvae were fed a mixture of 
natural prey and pollen, the EFSA GMO Panel considers that there is reasonable certainty that 
maize 59122 will not adversely affect C. maculata (see also US EPA, 2010b). 
The EFSA GMO Panel noted the possible sublethal effects on the surrogate species C. maculata 
at  Cry34Ab1/Cry35Ab1  dose  levels  that  exceed  field  exposure,  as  well  as  limitations  in  the 
experiments. To resolve the remaining scientific uncertainties, the EFSA GMO Panel and other 
risk assessment bodies (e.g., the Dutch Commission on Genetic Modification and the Belgian 
Biosafety Advisory Council) requested additional data on a representative European coccinellid 
species. In response, the applicant provided two types of lower-tier studies (including tritrophic 
experiments) with the focal species C. septempunctata. In addition, the applicant determined the 
worst-case expected environmental concentration for mite-eating predatory coccinellids such as 
the focal species Stethorus punctillum. 
(1)  In a Tier 1b study, larvae of C. septempunctata were fed a diet containing maize 59122 
pollen and moth eggs at a 1:3 ratio by weight (discussed above, under Section 6.2.4.1).
81 The 
applicant provided evidence to confirm that t he maize pollen–egg  mixture  was  ground 
completely to avoid selective feeding on lepidopteran eggs, and to ensure sufficient exposure 
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and ingestion of maize 59122 pollen.
82 The bioactivity of the Cry34Ab1 protein in the maize 
59122 pollen was not quantified.  No statistically significant differences were identified in 
any of the lifecycle parameters  (such as growth and development, as measured by days to 
adult emergence, adult weight or mortality) recorded for  C. septempunctata when fed a diet 
containing maize 59122 pollen.  
(2)  In tritrophic studies, C. septempunctata larvae were fed among others a diet consisting of 
maize 59122 pollen only, or a mixture of maize 59122 pollen and aphids (R. padi) reared on 
maize  59122.
83  Results from  these  tritrophic studies  indicated no statistically significant 
differences between  larval  development,  adult weight and survival  of  C. septempunctata 
between the pollen only, pollen–aphid, and respective non-Bt-control treatments (Takács et 
al., 2010). Maize 59122 pollen and aphids that have been feeding on maize 59122 constitute 
relevant routes of exposure, as coccinellids such as C. septempunctata largely feed on aphids 
and occasionally on maize pollen. Although C. septempunctata larvae and adults largely feed 
on aphids, exposure of C. septempunctata larvae to Cry34Ab1/Cry35Ab1 via aphids reared 
on maize 59122 is negligible, because only low concentrations of the Cry34Ab1 protein 
(Cry34Ab1 is the protein responsible for the majority of the insecticidal properties of maize 
59122 and is more likely to pass to the phloem owing to its three-fold smaller molecular 
weight compared with Cry35Ab1) were detected in aphids feeding on maize 59122 (less than 
1 ng/mg).  The  Cry34Ab1  protein  content  in  aphids  feeding  on  maize  59122  was 
approximately 21 ng/mL (equivalent to 0.13 ng/mg (fresh weight)). Adjusting for the worst-
case extraction efficiency observed (19 %) in aphids, the Cry34Ab1 protein concentration in 
aphids collected from maize 59122 was approximately 0.68 ng/mg, based on fresh weight 
calculations. This value is approximately 118   less than the Cry34Ab1 protein content in 
maize 59122 leaves on which the aphids fed (approximately 80 ng/mg (fresh weight)).
84 In 
these tritrophic studies, maize 59122 pollen  is therefore to be considered the main realistic 
route of exposure to Cry34Ab1, as maize 59122 pollen  contains 73 ng Cry34Ab1 mg
-1 (dry 
weight) and coccinellids such as C. septempunctata occasionally feed on maize pollen. The 
bioactivity of Cry34Ab1 in the maize 59122 pollen was not quantified.  
In another tritrophic study in which aphids reared on maize 59122 were used as the sole food 
source for C. septempunctata, no significant differences were observed during the test period 
in  either  fecundity  or  fertility  of  C. septempunctata  across  the  Bt-  and  non-Bt-based 
treatments (Takács et al., 2012). Aphids reared on maize 59122 were the sole food source for 
C. septempunctata,  alhough  they  do  not  represent  a  significant  route  of  exposure  to 
Cry34Ab1/Cry35Ab1. Because exposure to Cry34Ab1 via aphids is negligible, the study 
does  not  allow  any  conclusions  to  be  drawn  about  the  potential  adverse  effects  of 
Cry34Ab1/Cry35Ab1 on the fecundity or fertility of C. septempunctata.  
(3)  In contrast to aphids, spider mites reared on maize 59122 are expected to constitute worst-
case exposure. Spider mites have been shown to contain Bt-protein concentrations that are 
similar to those measured in the leaves on which they have fed (Romeis et al., 2011, and 
references therein). Furthermore, bioassays demonstrated that Bt-proteins contained in spider 
mites after feeding on Bt-maize retain their biological activity (Romeis et al., 2011, and 
references therein). The worst-case expected environmental concentration for mite-eating 
predatory coccinellids such as the focal species S. punctillum is 74 ng/mg fresh weight spider 
mite.  The  applicant  demonstrated  that  the  two-spotted  spider  mite,  Tetranychus urticae 
(Acari:  Tetranychidae),  fed  maize  59122  for  two  days  had  Cry34Ab1/Cry35Ab1 
concentrations below the limit of detection of the assay for spider mites (i.e., 74 ng/mg fresh 
weight).  The  maize  59122  leaves  on  which  the  spider  mites  fed  had  Bt-protein 
concentrations  of  43 ng/mg  for  Cry34Ab1  and  28 ng/mg  for  Cry35Ab1.  The 
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Cry34Ab1/Cry35Ab1 proteins in the spider mites were not observed at concentrations 1.7   
higher than those found in maize 59122 leaves.
85 These data  suggest little likelihood of 
bioaccumulation of the  Cry34Ab1/Cry35Ab1 proteins in spider mites feeding on maize 
59122, but confirm that spider mites would constitute a relevant route of exposure to certain 
predators. 
Based  on  the  submitted  toxicity  data  and  estimated  worst -case  expected  environmental 
concentrations, no hazard to  C. septempunctata and no risk to coccinellids are expected from 
exposure to plant-produced Cry34Ab1/Cry35Ab1 proteins or maize 59122. 
-  Diptera: Syrphidae (hoverflies): The Belgian Biosafety Advisory Council (in the frame of the 
initial  environmental  risk  assessment  evaluation  of  application  EFSA-GMO-UK-2006-30) 
requested  a  toxicity  study  on  a  dipteran  species,  as  there  is  some  evolutionary  relatedness 
between the larger Cry35Ab1 protein (44 kDa) and the 42 kDa and 51 kDa dipteran-active toxins 
from Lysinibacillus sphaericus strain 2362 (Baumann et al., 1988; Charles et al., 1997; US EPA, 
2010b).  Cry35Ab1  has  26 %  and  29 %  sequence  similarity  (amino  acid  level)  with  the 
L. sphaericus binA (42 kDa) and binB (51 kDa) polypeptides, respectively, which are non-related 
to most other three-domain-like Cry proteins. Bioinformatic analyses performed by the applicant 
confirmed that Cry35Ab1 shows 23–24 % identity and 42–43 % similarity to the P42 (BinA) 
component from L. sphaericus.
86 The Bin-toxins are placed in a Bt-toxin family consisting of the 
L. sphaericus  Bin-toxins,  a  Cry49  also  from  L. sphaericus  and  a  putative  protein  from 
Chlorobium phaeobacteriodes. The L. sphaericus proteins are active against certain groups of 
mosquitoes. The Bin-toxins are also found as crystals in the bacterium. 
Hoverflies are the most collected predatory Diptera in maize in Europe, with the main species 
Episyrphus balteatus  and  Eupeodes corollae  (Meissle  et  al.,  2012).  Although  there  is  limited 
sequence  similarity  between  Cry35Ab1  and  dipteran-active  binary  (Bin)  toxins  from 
L. sphaericus, it is unlikely that: (1) a hazard will be realised; and (2) a risk to syrphids will arise. 
(1)  Hazard: In most cases for which cross-order activity has been shown, toxicity outside the 
protein‘s primary target range was orders of magnitude below its toxicity inside that range 
(van Frankenhuyzen, 2008). Although the authors did not report results in their publication, 
Ellis  et  al.  (2002)  indicated  that  mosquito  screening  assays  of  the  type  used  to  identify 
mosquitocidal L. sphaericus and B. thuringiensis strains did not identify a similar level of 
activity for the B. thuringiensis binary Cry34Ab1/Cry35Ab1 proteins. Moreover, Cry34Ab1 
is the protein responsible for the majority of the insecticidal properties of maize 59122, and 
both proteins are needed to attain full membrane permeabilisation and insecticidal activity 
(Ellis  et  al.,  2002;  Masson  et  al.,  2004).  It  is  unlikely  that  Cry35Ab1  is  active  against 
dipterans,  as  the  conditions  in  the  gut  of  dipterans  and  coleopterans  differ  substantially 
(acidic in copleopterans and alkalic in dipterans). The different pH conditions in the gut 
might influence the tertiary structure of the Cry35Ab1 protein and thereby the binding to 
midgut receptors in Diptera. In addition, the activity is dependent on specific receptors; 
analyses indicate that a few sequence differences may be responsible for the specificity of 
the Bin-toxins.  
Although laboratory methods to assess toxicity of plant protection products to syrphids exist 
and  E. balteatus  is  commercially  supplied,  no  lower-tier  study  with  E. balteatus  was 
provided by the applicant. Instead, the applicant performed a 48-hour lower-tier study with 
the southern house mosquito, Culex quinquefasciatus (Diptera: Culicidae).
87 A prospective 
power analysis indicated that 48 larvae per treatment were sufficient to detect a 20  % 
mortality increase with a power of at least 80  %. No statistically significant difference in 
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mortality  of  C. quinquefasciatus  larvae  exposed  to  82 μg Cry34Ab1/mL  and 
2.5 μg Cry35Ab1/mL (equivalent to the concentration of Cry34Ab1/Cry35Ab1 proteins in 
maize 59122 pollen) were observed compared with the control treatment. There was 100 % 
mortality  among  larvae  treated  with  spheratax,  the  positive  control  (toxic/reference) 
substance, which indicates that the larvae were adequately exposed to the treatments. This 
study confirms that the Cry34Ab1/Cry35Ab1 proteins are not active against the surrogate 
dipteran species, C. quinquefasciatus, at environmentally relevant concentrations.  
(2)  Exposure: Predatory hoverfly larvae are mostly aphidophagous, and the Cry34Ab1 protein 
content in aphids feeding on maize 59122 was shown to be negligible (less than 1 ng/mg 
fresh weight). In addition, adults are pollen and nectar feeders. Evidence provided by the 
applicant  demonstrated  that  the  Cry35Ab1  protein  is  hardly  expressed  in  maize  59122 
pollen.  Therefore,  exposure  to  the  plant-produced  Cry35Ab1  protein  of  these  predatory 
syrphids is negligible. 
Despite the limited sequence similarity between Cry35Ab1 and dipteran-active Bin-toxins from 
L. sphaericus,  no  hazard  to  C. quinquefasciatus  and  no  risk  to  syrphids  are  expected  from 
exposure to plant-produced Cry34Ab1/Cry35Ab1 and maize 59122. 
-  Hemiptera: Anthocoridae (true bugs): The EFSA GMO Panel and other risk assessment bodies 
(i.e., US EPA (2010b) and the Belgian Biosafety Advisory Council (in the frame of the intial 
environmental risk assessment evaluation of application EFSA-GMO-UK-2006-30)) requested an 
additional lower-tier study on a predatory heteropteran species such as bugs of the genus Orius. 
Orius spp. are commonly found in maize and are considered important predators that feed on life 
stage of several pests. Additionally, Orius spp. can feed on maize pollen, sap and honeydew 
(Meissle  et  al.,  2012).  In  response,  the  applicant  provided  Tier 1a  data  with  O. laevigatus.
88 
O. laevigatus nymphs were fed a diet medium containing Cry34Ab1/Cry35Ab1 at two different 
concentrations. Cry34Ab1/Cry35Ab1 proteins were mixed with an artificial, cooked, meat-based 
diet  at  rates  of  either  82 µg Cry34Ab1 g
-1  +  2.5 µg Cry35Ab1 g
-1  diet  (dosing  solution 1),  to 
represent the average highest measured concentrations of the proteins in maize 59122 pollen, or 
820 µg Cry34Ab1 g
-1  +  25 µg Cry35Ab1 g
-1  diet  (dosing  solution 2),  to  represent  10    the 
average  highest  measured  concentrations  of  the  proteins  in  maize  59122  pollen.  No  adverse 
effects on survival of O. laevigatus nymphs were observed at treatments rates up to and including 
820 μg Cry34Ab1 g
-1 + 25 μg Cry35Ab1 g
-1 diet. The time required for O. laevigatus nymphs fed 
the 820 μg Cry34Ab1 g
-1 + 25 μg Cry35Ab1 g
-1 diet to develop into adults was marginally shorter 
(15–19 hours)  than  that  of  those  fed  the  non-Bt-diet.  The  EFSA  GMO  Panel  considers  this 
statistically significant difference in development rate as not biologically relevant, because the 
development time of nymphs is variable, even when the same food source is used. The observed 
difference in development rate is most likely owing to small differences in the age of nymphs 
across the test groups. In the experiment, four- to five-day-old nymphs (probably late second 
instars) of O. laevigatus were used at the start of the experiment. These nymphs may have shown 
small differences in age and  nutritional status,  which in turn affected their development. No 
statistical significant difference in development rate was observed between the Bt- and non-Bt-
treatment  for  the  dosing  solution 1.  There  was  75 %  mortality  among  nymphs  treated  with 
teflubenzuron, the positive control (toxic/reference) substance, which indicates that the nymphs 
were  adequately  exposed  to  the treatments.  Based on  the  submitted  toxicity  data,  no  risk  to 
O. laevigatus  is  expected  from  exposure  to  plant-produced  Cry34Ab1/Cry35Ab1  proteins  or 
maize 59122 under field conditions. 
-  Hymenoptera: Pteromalidae (parasitic wasps): Survival and behaviour (e.g., signs of lethargy or 
immobility) of the surrogate species N. vitripennis, a parasitoid of Diptera, were not adversely 
affected when exposed to a diet containing 280 µg Cry34Ab1/Cry35Ab1 mL
-1 (combined total of 
160 ppm Cry34Ab1 and 120 ppm Cry35Ab1), which is approximately equivalent to 10   the 
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maximum protein concentration present in maize 59122 pollen, for 12 days.
89 A retrospective 
power analysis requested by the NL CA demonstrated that this study had sufficient statistical 
power (80 %) to detect an effect size ranging between 3 0 % and 50 %, or less;  the experiment 
was able to detect a minimum of 30 % increase in mortality at a level of 98 % power.
90 Parasitic 
Hymenoptera do not feed directly on maize plant tissues, including pollen; therefore, minimal 
exposure of parasitic wasp to plant-produced Bt-proteins is expected. In addition, N. vitripennis is 
not related to maize ecosystems, but the applicant has used this species as a surrogate species for 
hymenopteran  parasitoids.  The  use  of  more  appropriate  species  that  are  abundant  in  maize 
(Meissle et  al.,  2012),  or at  least  in cropping  systems,  like  certain ichneumonids,  braconids, 
mymarids or scelionids, has been suggested (Rose, 2007; US EPA, 2010b; Albajes et al., 2012). 
Based on the submitted toxicity data, no hazard to N. vitripennis is expected from exposure to 
plant-produced Cry34Ab1/Cry35Ab1 proteins.  
-  Neuroptera: Chrysopidae (net-winged insects): Lacewings have been collected frequently from 
maize fields in Europe, with the main species C. carnea (Meissle et al., 2012). In a lower-tier 
study,  green  lacewing  larvae  were  fed  a  diet  containing  Cry34Ab1/Cry35Ab1  at  a  rate  of 
280 µg/mL  (combined  total  of  160 ppm  Cry34Ab1  and  120 ppm  Cry35Ab1),  which  is 
approximately  equivalent to  10    the  maximum  protein  concentration  in  plant  tissue,  for  ten 
days.
91 Compared with the negative control, at day 10, there was no significant increase in green 
lacewing larval mortality.  The control group mortality (28  %) exceeded the allowable rate 
specified in the test protocol for plant protection products of less than 20  % control mortality, 
indicating that the test method was not sufficiently robust to provide reliable results (Romeis et 
al.., 2011). It is  also questionable whether green lacewings ingested the Cry34Ab1/Cry35Ab1 
proteins coated moth eggs.  On account of the feeding mode of  C. carnea larvae, which have 
piercing–sucking mouthparts and therefore do not consume the external surface of eggs, exposure 
to Cry34Ab1/Cry35Ab1 when feeding on the treated lepidopteran eggs is likely to be low. In 
addition, no positive control (toxic/reference) substance was used to determine whether or not the 
test substance was actually ingested. Because of the highlighted limitations in the experiment, the 
study  does  not  allow  any  conclusions  to  be  drawn  about  potential  adverse  effects  of 
Cry34Ab1/Cry35Ab1 proteins on C. carnea. Nonetheless, it is not expected that C. carnea will be 
adversely affected by maize 59122, as it is unlikely that they will be exposed to elevated levels of 
plant-produced Cry34Ab1/Cry35Ab1 proteins in the field. To resolve the remaining scientific 
uncertainties described above, the EFSA GMO Panel and other risk assessment bodies (such as 
US  EPA  (2010b)  and  the  Belgian  Biosafety  Advisory  Council  (in  the  frame  of  the  intial 
environmental  risk  assessment  evaluation  of  application  EFSA-GMO-UK-2006-30)) 
recommended  the  applicant  to  perform  an  additional  lower-tier  study  with  a  predatory 
heteropteran species such as bugs of the genus Orius (see above). 
The applicant also reported on a series of higher-tier studies in which the potential impact of maize 
59122 on several predatory arthropod species in the United States
92 and EU (Hungary and Spain)
93 
was assessed. No negative impact of maize 59122 was observed on field densities of abundantly 
occurring coleopteran species including coccinellids, and staphylinids; hemipteran nabids and Orius 
species; and neuropteran Chrysopa species. 
In addition, based on a field study performed in Hungary with maize 59122, Balog et al. (2011) 
reported that the overall assemblage of rove beetles is not significantly affected by plant-produced 
Cry34Ab1/Cry35Ab1  through  their  diet.  However,  the  EFSA  GMO  Panel  considers  that  no 
conclusions about potential adverse effects of maize 59122 and the Cry34Ab1/Cry35Ab1 proteins it 
expresses on non-target organisms and the ecosystem services they provide can be drawn from the 
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Balog et al. (2011) publication, owing to the limitations in the experiment. The results of higher-tier 
studies confirm the conclusions of  the lower-tier studies, indicating that the Cry34Ab1/Cry35Ab1 
proteins have little or no activity on species other than chrysomelids.  
Pollinators:  Honeybees  can  be  exposed  to  plant-produced  Bt-proteins,  as  they  collect,  store  and 
consume maize pollen, mainly when alternative pollen sources are scarce. In most cases, however, the 
proportion of maize pollen as a total of all pollen collected and fed to larvae during summer will be 
low.  It  is  therefore  unlikely  that  maize  pollen  would  regularly  comprise  more  than  50 %  of  the 
honeybee diet. 
A  Tier 1a  study  in  which  five-day-old  honeybee  larvae  were  fed  diets  containing 
5.6 μg Cry34Ab1/Cry35Ab1  (representing  100    the  protein  concentration  in  2 mg  maize  59122 
pollen) did not reveal adverse effects on larval survival or development.
94 There was 92.5 % mortality 
among  larvae  treated  with  potassium  arsenate,  the  positive  control  (toxic/reference)  substance . 
Exposing  hon eybee  larvae  to   2 mg  maize  59122  pollen  (representing  exposure  to 
0.056 µg Cry34Ab1/Cry35Ab1) did not affect development and survival  (see Section 6.2.4.1). The 
exact level of bioactivity of the Cry34Ab1/Cry35Ab1 proteins in the pollen used in the Tier 1b study 
remains unclear, as no data on the  bioactivity of the Cry34Ab1/Cry35Ab1 proteins in thawed pollen 
were provided. However, based on the submitted toxicity data, no hazard to A. mellifera is expected 
from exposure to plant-produced Cry34Ab1/Cry35Ab1 proteins or maize 59122 pollen. 
Decomposers: Decomposers can be exposed to plant-produced Bt-proteins remaining in plant residues, 
dead arthropod bodies, or faeces. Decomposers (including soil-inhabiting ones) in maize in Europe are 
dominated  by  springtails  (Collembola)  and  soil  mites  (Acarina),  followed  by  flies  and  midges 
(Diptera), and beetles (Coleoptera) (Meissle et al., 2012). Data on springtails and mites are addressed 
in the Section on non-target soil arthropods. 
-  Coleoptera (beetles): Based on the submitted toxicity data for the coleopterans C. septempunctata 
and  P. cupreus,  as  well  as  the  estimated  worst-case  expected  environmental  concentrations 
through direct feeding on decomposing plant tissue, or exposure to soil-bound protein entering 
the soil via root sloughing or plant tissue decomposition (see above), no risk to Coleoptera is 
expected from exposure to plant-produced Cry34Ab1/Cry35Ab1 proteins or maize 59122 in the 
field. 
-  Diptera  (flies  and  midges):  Saprophytic  dipteran  larvae  in  the  soil  can  be  exposed  to  plant-
produced Cry34Ab1/Cry35Ab1 proteins via senescent maize 59122 plant material. Despite the 
limited  sequence  similarity  between  Cry35Ab1  and  dipteran-active  Bin-toxins  from 
L. sphaericus, no hazard to C. quinquefasciatus and no risk to saprophytic Diptera are expected 
from  exposure  to  plant-produced  Cry34Ab1/Cry35Ab1  and  maize  59122  (see  also  scientific 
rationale followed for predatory hoverflies, above). 
Conclusion on effects on non-target terrestrial (plant- and ground-dwelling) arthropods: The EFSA 
GMO Panel is not aware of identified significant adverse effects of the Cry34Ab1/Cry35Ab1 proteins 
on  non-target  terrestrial  arthropods.  The  available  data  show  that  the  expression  of  the 
Cry34Ab1/Cry35Ab1 proteins in maize 59122 has no toxic effect on non-target terrestrial (plant- and 
ground-dwelling)  arthropods  outside  the  coleopteran  family  of  Chrysomelidae,  and  that  the 
insecticidal activity of the Cry34Ab1/Cry35Ab1 proteins is mostly limited to arthropod species of the 
Chrysomelidae family (leaf beetles). The risk of maize 59122 to non-target (non-pest) chrysomelid 
species in the field is low due to their low occurrence and abundance in maize fields and because of 
the low likelihood of encountering harmful amounts of pollen from maize 59122 in and around maize 
fields. Non-target adult chrysomelids, which may occasionally feed on maize 59122 plants, are not 
expected  to  be  affected  due  to  the  low  activity  of  the  Cry34Ab1/Cry35Ab1  proteins  on  adults. 
Furthermore, the only protected chrysomelid species (M. pubipennis) considered to be at risk across 
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the EU (under Directive 92/43/EEC on conservation of natural habitats and of wild fauna and flora) 
does not occur in maize fields. 
The apparent activity of Cry34Ab1/Cry35Ab1 at high concentrations against the lepidopteran species 
(e.g.,  O. nubilalis  and  S. cerealella)  was  not  expected  based  on  the  known  spectrum  of  activity 
(Coleoptera only) of these binary proteins. The EFSA GMO Panel considers that there are indications 
of a potential hazard to Lepidoptera owing to cross-order activity at high Cry34Ab1/Cry35Ab1 protein 
concentrations. However, based on the submitted toxicity data and a theoretical exposure assessment, 
no risk to non-target Lepidoptera is expected from exposure to maize 59122 pollen in the field.  
Despite  the  limited  sequence  similarity  between  Cry35Ab1  and  dipteran-active  Bin-toxins  from 
L. sphaericus, no hazard to C. quinquefasciatus and no risk to Diptera are expected from exposure to 
plant-produced Cry34Ab1/Cry35Ab1 and maize 59122. 
The EFSA GMO Panel concludes that there is no evidence to indicate that the cultivation of maize 
59122 is likely to cause adverse effects on non-target terrestrial arthropods due to the expression of the 
Cry34Ab1/Cry35Ab1 proteins. 
In its evaluation, the NL CA took into account that ―no adverse effects on C. maculata in field tests 
were observed and also considered the fact that ladybird beetles do not feed directly on the plant, but 
on aphids which are usually not present in the maize ecosystem‖. The NL CA concluded that ―adverse 
effects on ladybird beetles are unlikely‖, but expressed ―reservations about the conclusion of the 
applicant that no negative effects were found in the laboratory study on C. maculata‖. Therefore, the 
NL  CA  was  of  the  opinion  that  ―the  applicant  should  pay  extra  attention  to  the  monitoring  of 
C. maculata in 59122 maize‖ (Section 6.5 of the environmental risk assessment report of the NL CA).  
The EFSA GMO Panel agrees that the submitted data show that Cry34Ab1/Cry35Ab1 proteins may be 
toxic to C. maculata at dose levels that exceed field exposure. However, adverse effects were not seen 
at field dose levels when C. maculata larvae were fed a mixture of natural prey and pollen. Because 
C. maculata  is  not  indigenous  to  Europe,  the  EFSA  GMO  Panel  requested  additional  data  on  a 
representative European coccinellid species.  In response, the applicant provided lower-tier studies 
(including tritrophic experiments) with the focal species C. septempunctata. Based on the additional 
toxicity  data  and  estimated  worst-case  expected  environmental  concentrations,  no  hazard  to 
C. septempunctata  and  no  risk  to  coccinellids  are  expected  from  exposure  to  plant-produced 
Cry34Ab1/Cry35Ab1 proteins or maize 59122. 
Effects on non-target soil arthropods 
Non-target arthropods occurring in the soil ecosystem can be exposed to plant-produced Bt-proteins 
introduced into the soil via physical damage to plant tissues, via decomposition of shed root cells 
during plant growth, via decomposing plant residues remaining in fields after harvest, which might be 
incorporated into the soil during tillage operations, and possibly via root exudates (reviewed by Icoz et 
al., 2008). Collembolans and Acarina are important in the breakdown and recycling of crop residues, 
and  are  key  indicator species  of  soil functionality  and  quality.  As  these  micro-arthropods can  be 
exposed  to  the  Cry34Ab1/Cry35Ab1  protein  in the maize  59122  field environment,  they  and  the 
ecosystem services they provide could potentially be adversely affected by the cultivation of maize 
59122 and therefore require assessment.  
The  applicant  provided  two  lower-tier  studies  with  the  focal  species  F. candida.  F. candida  is  a 
common and widespread collembolan, and has been used as a standard test organism for more than 
40 years  to  estimate  the  effects  of  environmental  pollutants  and  GM  plants  on  non-target  soil 
organisms.  F. candida  was  selected  by  the  applicant  as  a representative  of  valued  non-target  soil 
arthropod  species.  Collembolans  are  key  decomposers  in  the  soil  and  also  serve  as  food  for 
polyphagous predators.  Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
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-  Tier 1a: Juvenile Collembola were fed diets consisting of purified Cry34Ab1/Cry35Ab1 proteins 
mixed  with  dry  granulated  brewer‘s  yeast  at  a  single  treatment  level  of 
12.7 mg Cry34Ab1/Cry35Ab1 kg
-1.
95 Fresh diet was provided to test organisms every third day. 
On days 0 and 28, mortality and observations of sublethal effects on surviving  individuals were 
recorded.  No  adverse  effects  on  the  survival  and  reproduction  of  F. candida  exposed  to 
Cry34Ab1/Cry35Ab1 proteins at 10   concentrations found in senescent maize 59122 plant tissue 
were observed. The primary route of collembolan exposure to Cry34Ab1/Cry35Ab1 proteins in 
the field is from decaying root tissue, in which the Cry34Ab1/Cry35Ab1 proteins are expressed at 
a range of 3–66 μg/g. The stability and bioactivity of the test substance were confirmed for the 
study period. During the test no proof was given that the test insects actually ingested the Bt-
proteins  when  mixed  with  brewer‘s  yeast,  but  a  28-day  reference  test  with  a  diet  including 
thiodicarb was performed initially to demonstrate that the study design is able to detect toxic 
effects.  
-  Tier 1b: A 28-day study was conducted to determine the chronic effects of whole maize 59122 
plant  material  on  survival  and  reproduction  of  F. candida.
96  The  test  diet  consisted  of  a 
homogeneous mixture of dry yeast (95.8 %) and lyophilised maize (4.2 %). Maize 59122 plant 
material had no adverse effect on survival and reproduction of F. candida compared with those 
exposed to the control diets (yeast only or 4.2 % non-Bt-maize with yeast). The no observed 
effect concentration  (NOEC) for this study was empirically estimated by the applicant to be 
> 4.2 % maize 59122, which represents 10   the estimated amount of whole plant material in 
maize  field  soil.  Because  the  test  diet  mostly  consisted  of  yeast,  this  experiment  does  not 
represent worst-case exposure (Clark and Coats, 2006). In addition, even if the mixture was finely 
ground, F. candida may have fed selectively on the yeast, which is a nutritionally superior food 
source for collembolans compared with lyophilised plant material. There was 17 %, 40 % and 
77 %  mortality  among  juveniles  treated  with thiodicarb,  the  positive  control  (toxic/reference) 
substance,  at  concentrations  of  1.0,  10  and  100 mg/kg  respectively,  which  indicates  that 
F. candida  was  adequately  exposed  to  the  treatments.  However,  the  toxic  reference  did  not 
include maize powder, and therefore the exposure to collembolans was not fully equivalent to the 
test diet with maize 59122.  
Based on the submitted toxicity data, no hazard to F. candida and no risk to Collembola are expected 
from exposure to plant-produced Cry34Ab1/Cry35Ab1 proteins or maize 59122 plant material.  
The applicant also provided a higher-tier study which was performed in the United States during the 
growing season 2004–2005, and in which the soil litter community was monitored.
97 No negative 
impact of maize 59122 was observed on field densities of abundantly occurring Collembolla and soil 
mites. The results of this higher-tier study confirm the conclusions of the lower-tier studies, indicating 
that the Cry34Ab1/Cry35Ab1 proteins have little or no activity on species other than chrysomelids.  
The EFSA GMO Panel  concludes that there is no evidence to indicate that the c ultivation of maize 
59122 is likely to cause adverse effects on non-target soil arthropods such as springtails and mites due 
to the expression of the Cry34Ab1/Cry35Ab1 proteins. 
The NL CA concluded that ―based on the specificity of the Cry proteins, the demonstrated lack of 
effect on nontarget organisms, the rapid degradation of the proteins in soil and the fact that the 
proteins  are  naturally  present  in  the  soil  environment,  it  is  concluded  that  59122  maize  has  no 
significant ecological impact on the soil ecosystem‖ (Section 6.7 of the environmental risk assessment 
report of the NL CA).  
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Effects on non-target aquatic arthropods 
By-products from GM plants (e.g., pollen, detritus) can be transported in water courses to downstream 
water bodies where non-target aquatic arthropods can be exposed to transgene product(s) through 
consumption  (Axelsson  et  al.,  2010,  2011).  In  the  case  of  Bt-maize,  Rosi-Marshall  et  al.  (2007) 
reported that by-products of Bt-maize enter headwater streams in the United States and claimed, on the 
basis of experimental data obtained under lower-tier conditions, that this would reduce growth and 
increase mortality of some non-target aquatic arthropods, especially trichopteran species (see also 
Chambers et al., 2010; Tank et al., 2010).  
A 48-hour lower-tier study was performed on Daphnia magna, a freshwater invertebrate.
98 The test 
material  consisted  of  the  purified  Cry34Ab1/Cry35Ab1  proteins  added  to  water  at  a  target 
concentration of 100 mg Cry34Ab1/Cry35Ab1 L
-1.  No  treatment  mortality  or  behavioural  changes 
were reported between the dosed and control replicates during the 48-hour exposure period. Based on 
the  submitted  data,  no  hazard  to  daphnids  is  expected  from  exposure  to  plant-produced 
Cry34Ab1/Cry35Ab1 or maize 59122.  
Exposure  of  non-target  organisms  to  Bt-proteins  in  aquatic  ecosystems  is  likely  to  be  very  low 
(Douville  et  al.,  2005,  2007;  Wolt  and  Peterson,  2010;  Carstens  et  al.,  2012).  Considering  the 
probability of short-term exposure and acute effects to sensitive species, Wolt and Peterson (2010) 
indicated no concern in 99 % of cases, with limited opportunity for chronic effects, due to the rapid 
degradation of Bt-proteins. Exposure estimates indicated that shredders such as caddisflies (Cummins 
et al., 1989) are the functional group most likely to be exposed to Bt-proteins in aquatic systems 
(Carstens et al., 2012). 50 % of filtering trichopterans collected by Rosi-Marshall et al. (2007) from 
water  streams  during  peak  pollen  shed  had  maize  pollen  grains  in  their  guts  and  detritivorous 
trichopterans were located in accumulations of decomposing maize litter in the streams after harvest.  
In response to a request of the EFSA GMO Panel, the  applicant provided  a theoretical exposure 
assessment in line with that reported by Carstens et al. (2012).
99 For non-target aquatic organisms, 
there are two routes through which they may be exposed to the Cry34Ab1/Cry35Ab1 proteins from 
59122 maize  plant material: (1) exposure to freely  soluble protein (e.g., proteins that leach out of 
maize plant tissues and are deposited into an adjacent water body); or (2) exposure to proteins via 
direct feeding on deposited plant  material (e.g., aerially deposited pollen, crop dust, or intact plant 
material) (Carstens et al., 2012). The worst-case expected environmental concentrations calculated for 
the two exposure routes and presented in the application are described below.  
(1)  According to  the US EPA  standard pond  model (1-ha pond with  2 m depth draining a 10-ha 
watershed planted with maize   1 m from the edge of the maize field) , which is highly 
conservative, the concentration of freely   soluble Cry34Ab1/Cry35Ab1 proteins in an aquatic 
environment is less than  3 mg/L. Under a more realistic scenario, the  concentration of freely 
soluble Cry34Ab1/Cry35Ab1 proteins in an aquatic environment would be much less than 3 ppm 
and the duration of exposure short, owing to the rapid degradation of any freely  soluble protein. 
In addition, it is unlikely that all of the plant biomass from a 10 -ha maize field woul d be 
deposited simultaneously in a 1-ha pond. 
(2)  Particle feeders and shredders could be exposed to  Bt-proteins  in  an  aquatic  environment  if 
particulate organic matter (e.g., pollen, crop dust, decomposed plant  material) or intact plant 
material (senescent or green plant tissue), respectively, is deposited into an adjacent water body. 
As discussed by Carstens et al. (2012), there is limited data available in the scientific literature to 
quantify the amount of particulate organic matter or intact plant material that moves from a maize 
field into water courses, and there are many factors that affect movement (wind, topography, 
distance,  etc.).  Nevertheless,  based  on  conservative  assumptions,  the  worst-case  expected 
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environmental concentrations calculated was 81.6 ng Cry34Ab1 mg
-1 and 2.49 ng Cry35Ab1 mg
-1 
pollen (dry weight) for particle feeders, and 200 ng Cry34Ab1 mg-1 and 47.5 ng Cry35Ab1 mg 
senescent plant material (dry weight) for shredders. In both cases, it was assumed that all Bt-
protein remains bioactive and does not degrade, which is unlikely under realistic environmental 
conditions. Moreover, several other mitigation factors described by Carstens et al. (2012) would 
likely decrease the duration and concentration of exposure of particle feeders or shredders to 
plant-produced Cry34Ab1/Cry35Ab1 proteins in an aquatic environment. 
Based on the submitted toxicity data and estimated worst-case expected environmental concentrations, 
no hazard to D. magna and no risk to non-target aquatic arthropods are expected from exposure to 
plant-produced Cry34Ab1/Cry35Ab1 proteins or maize 59122 plant material. No substantial aquatic 
exposure to the Cry34Ab1/Cry35Ab1 proteins from maize 59122 plant material is expected.  
The EFSA GMO Panel concludes that there is no evidence to indicate that the cultivation of maize 
59122 is likely to cause adverse effects on non-target aquatic arthropods due to the expression of the 
Cry34Ab1/Cry35Ab1 proteins. 
The conclusion of the EFSA GMO Panel is consistent with the evaluation carried out by the NL CA 
on maize 59122, which concluded that ―potential effects of maize 59122 on non-target organisms as a 
result of the genetic modification are considered to be negligible‖ (Section 6.5 of the environmental 
risk assessment report of the NL CA). 
Effects on non-target organisms that are not arthropods 
The potential of maize 59122 to have direct or indirect adverse effects on non-target organisms that 
are not arthropods, as well as the ecosystem services they provide is described below, with a focus on 
earthworms, mammals, birds and fish. Potential adverse effects on soil microorganisms are considered 
in Section 6.2.6.2, below. 
Annelida (earthworms and enchytraeid worms) play an important role in decomposing plant litter, and 
are responsible for numerous physical changes that affect the biological properties and processes in 
soil (e.g., structure, quality, functionality). They are considered important organisms in the regulation 
of nutrient cycling processes (Didden, 1993; Curry and Schmidt, 2006). Annelida can be exposed to 
Bt-proteins,  as  Bt-proteins  can  enter  the  soil  by  root  exudates  (Saxena  et  al.,  2002,  2004),  plant 
material (Webster et al., 2008), and by plant residues (Stotzky, 2004). If Annelida populations would 
be adversely affected by the cultivation of GM crops, this may have negative consequences on the 
ecosystem services they provide.  
Two lower-tier studies with the earthworm species Eisenia fetida were provided by the applicant.  
-  Tier 1a: E. fetida adults exposed to pure Cry34Ab1/Cry35Ab1 proteins gave no indications of 
adverse impacts to this earthworm species following short-term exposure to high doses of the Bt-
proteins.
100 The 14-day LC50 for earthworms exposed to Cry34Ab1/Cry35Ab1 in an artificial soil 
substrate was determined to be greater than 76 mg/kg dry soil (the highest concentration tested), 
or  greater  than  20    the  expected  field  concentration.  Earthworm  mortality  and  changes  in 
average body weights were not statistically different among the controls and protein-amended 
soils.  The  LC50  value  for  earthworms  exposed  to  chloroacetamide,  the  positive  control 
(toxic/reference)  substance,  was  approximately  19.4 mg/kg  dry  soil,  and  indicates  that  the 
earthworms  were  adequately  exposed  to  the  treatments.  The  Cry34Ab1/Cry35Ab1  protein 
concentration  was  not  monitored  throughout  the  test  period;  it  therefore  remains  unclear  for 
which period of time the earthworms were exposed to biologically active Cry34Ab1/Cry35Ab1 
proteins.  
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-  Tier 1b: A 14-day laboratory study was conducted to determine the effects of whole maize 59122 
plant material on the survival and weight change of the earthworm E. fetida.
101 Earthworms were 
exposed to nominal concentration of 4.2  % lyophilised maize 59122 plant material, or 4.2  % 
lyophilised non-Bt-maize  plant  material.  The  tested  concentration  in  this  study  (4.2 %  maize 
tissue in soil) is approximately 10   the worst-case expected environmental concentration. No 
mortality was observed at the tested concentration during 14-day exposure, and no significant 
difference was found in mean percentage weight change among earthworms exposed to any of the 
treatments  tested.  There  was  0,  30  and  100 %  mortality  among  earthworms  treated  with 
carbendazim,  the  positive  control  (toxic/reference)  substance,  at  concentrations  of  2.5,  5  and 
10 mg/kg respectively, which indicates that E. fetida was adequately exposed to the treatments. 
Based on the submitted toxicity data and estimated worst-case expected environmental concentrations, 
no  hazard  to  E. fetida  and  no  risk  to  Annelida  are  expected  from  exposure  to  plant-produced 
Cry34Ab1/Cry35Ab1 proteins or maize 59122 plant material.  
The lack of toxicity of the Cry34Ab1/Cry35Ab1 proteins to birds
102 and mammals
103 was confirmed in 
toxicity studies, and the nutritional quality of maize  59122  tested with fish
104  in a  nutritional 
equivalence study (Sections 4 and 5, above; EFSA, 2007 for further details). 
The EFSA GMO Panel  concludes that there is no evidence to indicat e that the cultivation of maize 
59122 is likely to cause adverse effects on non-target organisms that are not arthropods, owing to the 
expression of the Cry34Ab1/Cry35Ab1 proteins. 
The conclusion of the EFSA GMO Panel is consistent with the evaluation carr ied out by the NL CA 
on maize  59122. The  NL  CA  concluded  that  ―potential  effects  of  maize  59122  on  non-target 
organisms as a result of the genetic modification are considered to be negligible‖ (Section 6.5 of the 
environmental risk assessment report of the NL CA). 
6.2.4.3.  Adverse effects on non-target organisms due to the expression of the PAT protein 
Based on the mode of action of the PAT protein and the history of safe use of maize 59122 and other 
glufosinate-ammonium  tolerant  crops,  the  EFSA  GMO  Panel  concludes  it  is  unlikely  that  the 
expression of this protein in glufosinate-ammonium tolerant crops will cause direct adverse effects on 
non-target organisms (CERA, 2011, and references therein).  
The conclusion of the EFSA GMO Panel on the absence of adverse effects of maize 59122 on non-
target organisms due to the expression of the PAT protein is consistent with the evaluation carried out 
by the NL CA on maize 59122. The NL CA considered that ―PAT has high substrate specificity to the 
active ingredient of glufosinate-ammonium (L-PPT), and such a substrate does not occur within the 
maize plant or within the animal and human diets. The PAT protein is assessed several times before. 
Effects of the PAT protein on non-target organisms were considered to be unlikely‖ (Section 6.5 of the 
environmental risk assessment of the NL CA). 
6.2.4.4.  Adverse  effects  on  non-target  organisms  due  to  interactions  between  the  Cry34Ab1, 
Cry35Ab1 and PAT proteins 
The activity of the Cry34Ab1, Cry35Ab1 and PAT proteins expressed in maize 59122 is not likely to 
be affected by potential interactions among these proteins, as their modes of action differ. The data 
submitted by the applicant and the review of published literature did not indicate any interactions in 
the expression of the proteins or their biological activity compared with GM crops expressing similar 
single proteins.  
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The conclusions of the EFSA GMO Panel are consistent with those of the NL CA which concluded 
that ―an interaction between the Cry proteins and the PAT protein is not expected, since the proteins 
have  different  mechanisms  of  action  and  they  are  located  in  different  cell  components.  Potential 
effects of 59122 maize on non-target organisms as a result of the genetic modification are considered 
to be negligible‖ (Section 6.5 of the environmental risk assessment report of the NL CA). 
6.2.5.  Effects on human and animal health
105 
The molecular analysis and the food and feed safety assessment of maize 59122 did not raise safety 
concerns for human and animal health (Sections 3–5, above; EFSA, 2007). In its previous Scientific 
Opinion on maize 59122 (EFSA, 2007), the EFSA GMO Panel concluded that ―maize 59122 is as safe 
as its non genetically modified counterparts with respect to potential effects on human and animal 
health or the environment‖, and that ―maize 59122 is unlikely to have any adverse effect on human and 
animal health or on the environment in the context of its intended uses‖. 
6.2.6.  Interactions with biogeochemical processes and the abiotic environment
106 
The newly expressed proteins in maize 59122 can be introduced into the soil via physical damage to 
plant tissues, via decomposition of shed root cells during plant growth, via decomposing plant residues 
remaining in fields after harvest, which might be incorporated into the soil during tillage operations 
(Stotzky, 2004), and via root exudation (e.g., Saxena et al., 2002, 2004; Icoz and Stotzky, 2007; Icoz 
et al., 2008), resulting in exposure of non-target soil organisms to the Cry34Ab1/Cry35Ab1 proteins. 
Indirect exposure through manure and faeces from animals fed maize 59122 was also considered, 
although most of the Cry34Ab1/Cry35Ab1 proteins would be degraded by enzymatic activity in the 
intestinal tract and subsequently by microbial processes in the manure. 
6.2.6.1.  Fate of the Cry34Ab1/Cry35Ab1 proteins in soil 
Proteins can be a major source of energy, carbon and nitrogen for soil microorganisms. They are 
readily degradable by widely abundant extracellular microbial proteases (Jan et al., 2009) and there is 
no  indication  that  Bt-proteins  would  generally  behave  differently  compared  with  other  proteins 
(reviewed  by  Icoz  and  Stotzky,  2008).  The  degradation  rate  of  Bt-proteins  in  soil  depends  upon 
multiple factors, such as soil management, soil texture, pH value, temperature and humidity. 
While the fate of some plant-produced Bt-proteins such as Cry1Ab and Cry3Bb1 in soils has been 
extensively  studied  and  reported  in  the  scientific  literature,  knowledge  on  the  fate  of  the 
Cry34Ab1/Cry35Ab1 proteins in soils is not equally documented. Results from studies with other than 
Cry34Ab1/Cry35Ab1 Bt-proteins indicate that they degrade rapidly in decaying plant residues and 
should readily be degradable in soil, where they occur—if detected—at extremely low concentrations 
(< 1.0 ng/g soil). While there is certain potential of proteins including Bt-proteins to be sorbed by soil 
surface  active  particles,  which  can  decrease  degradation  rates  and  thus  increase  their  transient 
environmental persistence (Icoz and Stotzky, 2008), there is no indication of accumulation of  Bt-
proteins in soils upon the subsequent cultivation of Bt-crops in the soil (Gruber et al., 2012). In soils 
from fields with Bt-crops, concentrations of Bt-proteins found in soil were very low, several orders of 
magnitude  below  concentrations  to  expect  unintended  adverse  effects  on  non-target  organisms 
(Baumgarte and Tebbe, 2005; Gruber et al., 2012). However, studies on the fate of Bt-proteins in soil 
suggest that degradation rates differ depending on the specific Bt-protein. For example, it was found 
that,  under  comparable  environmental  conditions,  plant-produced  Cry3Bb1  was  less  stable  than 
Cry1Ab  (Miethling-Graff  et  al.,  2010).  To  the  knowledge  of  the  EFSA  GMO  Panel,  there  is  no 
suitable information to assess whether the persistence of Cry34Ab1/Cry35Ab1 proteins in soil differ 
or  not  from  that  from  better  characterised  Cry1Ab  or  Cry3Bb1  proteins.  In  addition,  sequence 
comparisons with other known Bt-proteins failed to reveal homology between Cry34Ab1 or Cry35Ab1 
proteins with other previously described three-domain-like Bt-proteins (OECD, 2007). No conclusions 
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can be drawn from the two available studies on the fate of Cry34Ab1/Cry35Ab1 proteins owing to 
limitations in the experiments.  
-  Herman  et  al.  (2002a)  conducted  a  laboratory  study  in  which  microbe-produced 
Cry34Ab1/Cry35Ab1 proteins were added to soil to obtain a concentration of 5 mg of each Bt-
protein per gram of soil (which would correspond to the amount present in approximately 500 g 
of root material, considering 10 µg/g root fresh weight). According to the EFSA GMO Panel, the 
concentrations of Bt-proteins applied are unrealistically high, and therefore it considers this study 
as insufficient evidence to draw conclusions on the degradation rates of the Bt-proteins in soil in 
which maize 59122 has been cultivated. Degradation rates of lower Bt-protein concentrations can 
be highly different from those of very high concentrations owing to sorption processes. 
-  In  a  study  provided  by  the  applicant,  the  authors  analysed  Cry34Ab1/Cry35Ab1  protein 
concentrations in samples from three different soils after three years of continuous cultivation of 
maize 59122, using ELISA.
107 The authors did not detect any of the Bt-proteins in any of the soil 
samples.  A  comparison  of  the  sensitivity  of  the  applied  detection  method  with  detection 
thresholds  reported  in  the  peer-reviewed  literature  indicated  that  the  thresholds  applied  by 
Dunville et al. (2010) were 45 to 180   less sensitive.
108 Furthermore, the study report does not 
include information on how the extraction efficiency for  Bt-proteins from soils was established, 
nor does it include the analyses of a positive control, so that it cannot be excluded that the 
negative results were caused by inefficient soil extraction and/or failure, e.g., inhibition, of the 
applied detection method (ELISA). Additional data provided by the applicant confirmed that the 
detection method used was specific and able to detect the Bt-proteins in the soil samples, but not 
sufficiently sensitive.
109 
The  EFSA  GMO  Panel  is  not  aware  of  any  further  published  information  on  the  fate  of 
Cry34Ab1/Cry35Ab1 proteins in soil.  
Based on general knowledge of the degradation of plant-produced Bt-proteins in soils and the overall 
concentrations of Cry34Ab1/Cry35Ab1 proteins in maize 59122, the EFSA GMO Panel concludes it is 
unlikely that the Cry34Ab1/Cry35Ab1 proteins will reach soil concentrations that would affect non-
target organisms, in context of the intended uses of maize 59122. Although no risk was identified in 
the short term, scientific uncertainties pertaining to the specific potential of Cry34Ab1/Cry35Ab1 to 
accumulate and persist in soil during subsequent years of cultivation of maize 59122 remain, owing to 
the lack of experimental evidence. Therefore, the EFSA GMO Panel recommends that the remaining 
scientific  uncertainties  can  be  resolved  with  data  acquired  during  post-market  environmental 
monitoring.  
The NL CA concluded that ―based on the specificity of the Cry proteins, the demonstrated lack of 
effect on nontarget organisms, the rapid degradation of the proteins in soil and the  fact that the 
proteins  are  naturally  present  in  the  soil  environment,  it  is  concluded  that  59122  maize  has  no 
significant ecological impact on the soil ecosystem‖ (Section 6.7 of the environmental risk assessment 
report of the NL CA). 
6.2.6.2.  Adverse effects on soil microorganisms due to the expression of the Cry34Ab1/Cry35Ab1 
proteins 
A  small-scale  field  study  with  maize  59122  plants  did  not  reveal  significant  differences  in  soil 
microorganisms between soil samples taken near maize 59122 and non-Bt-maize.
110 Bt-proteins do not 
act as antimicrobials but rather as insecticides with a narrow host specificity. During the relatively 
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long period of scientific exploration of Bt-proteins and their potential biotechnological or agricultural 
applications, there has been no  scientific report to the EFSA GMO Panel‘s knowledge that these 
proteins would exhibit adverse effects on bacteria or other microorganisms or interfere with microbial 
activities (Icoz et al., 2008; Yanni et al., 2010; Barriuso et al., 2012; Fließbach et al., 2012; Prischl et 
al., 2012). Therefore, there is no indication of a hazard from maize 59122 or its Cry34Ab1/Cry35Ab1 
proteins to soil microorganisms and the ecosystem services they provide, including their contribution 
to  biogeochemical  processes.  Where  effects  of  GM  crops  on  microbial  communities  have  been 
reported,  these  effects  were  in  general  considered  spatially  and  temporally  limited,  and  small 
compared with those induced by differences in geography, temperature, seasonality, plant variety, soil 
type and changes in soil management (Sessitsch et al., 2004; Fang et al., 2005, 2007; Griffiths et al., 
2005, 2006; Lilley et al., 2006; Filion, 2008; Icoz and Stotzky, 2008). 
Various  studies  have  reported  decreases  in  the  decomposition  rate  of  Bt-maize  (e.g.,  Saxena  and 
Stotzky, 2001b; Flores et al., 2005; Poerschmann et al., 2005; Fang et al., 2007; Raubuch et al., 2007). 
These differences in decomposition rate have been shown to result from increased lignin contents in 
certain maize varieties, and not from an inhibition of soil microorganisms by the plant-produced Bt-
protein (Griffiths et al., 2007a,b; Hönemann et al., 2008; Lehman et al., 2008a, 2010; Tarkalson et al., 
2008; Zurbrügg et al., 2010). Altered lignin content in maize varieties is not an effect attributed to the 
insertion of the transgene, but from the genetic background of the maize varieties under consideration 
(Fernie et al., 2006; Griffiths et al., 2007a,b; Lehman et al., 2008b, 2010; Poerschmann et al., 2008; 
Zurbrügg et al., 2010; Yanni et al., 2011). 
Effects of crops on soil microbial communities, which are especially expected in the rhizosphere or on 
decaying  plant  material,  depend  more  on  the  plant  species,  variety  or  age  than  whether  they  are 
genetically modified. Rearrangements in structural diversity and population abundance of non-target 
soil organisms occur frequently in the agricultural environment. They are typically associated with 
several sources of variation, caused by natural variability (e.g., soil heterogeneity, weather conditions) 
and  agricultural  practices  (e.g.,  soil  tillage,  crop  rotation,  irrigation  measures)  and  are  thus  not 
necessarily an indication of environmental harm. The EFSA GMO Panel concludes that potential 
effects on soil microorganisms and microbial communities, as well as the ecosystem services they 
provide, due to the cultivation of maize 59122, if they occur, will be transient and minor, and are 
likely  to  be  smaller  or  within  the  range  currently  caused  by  other  agronomic  and  environmental 
factors.  
The NL CA concluded that ―based on the specificity of the Cry proteins, the demonstrated lack of 
effect on nontarget organisms, the rapid degradation of the proteins in soil and the fact that the 
proteins  are  naturally  present  in  the  soil  environment,  it  is  concluded  that  59122  maize  has  no 
significant ecological impact on the soil ecosystem‖ (Section 6.7 of the environmental risk assessment 
report of the NL CA). 
6.2.6.3.  Adverse  effects  on  biogeochemical  processes  and  the  abiotic  environment  due  to  the 
expression of the PAT protein 
Based on the mode of action of the PAT protein and the history of safe use of maize 59122 and other 
glufosinate-ammonium  tolerant  crops,  the  EFSA  GMO  Panel  concludes  it  is  unlikely  that  the 
expression of this protein in glufosinate-ammonium tolerant crops will cause direct adverse effects on 
biogeochemical processes and the abiotic environment (CERA, 2011, and references therein).  
The conclusion of the EFSA GMO Panel is consistent with that of the NL CA who reported that ―the 
potential effect  of  the  PAT  protein  on  biogeochemical processes  has  been  assessed  several  times 
before. Potential effects of the PAT protein were found to be negligible‖. The NL CA concluded that 
―based on the specificity of the PAT protein, the demonstrated lack of effect on nontarget organisms, 
the rapid degradation of the proteins in soil and the fact that the proteins are naturally present in the 
soil environment, it is concluded that 59122 maize has no significant ecological impact on the soil 
ecosystem‖ (Section 6.7 of the environmental risk assessment report of the NL CA). Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
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6.2.7.  Impacts of the specific cultivation, management and harvesting techniques
111 
6.2.7.1.  Changes in pest management practices 
Pest management options for WCR are usually directed towards reducing larval feeding and consist of 
crop rotation, the use of maize seed coated with systemic insecticides and the application of soil 
insecticides (applied at planting) (Levine and Oloumi-Sadeghi, 1991; Széll et al., 2005; Boriani et al., 
2006; Ma et al., 2009; van Rozen and Ester, 2010; Meissle et al., 2011b). Crop rotation is highly 
effective in controlling WCR, as females lay their eggs mainly in maize fields and the larvae hatching 
in the following year do not survive well on other crop roots (Levine and Oloumi-Sadeghi, 1991; Kiss 
et  al.,  2005b;  Boriani  et  al.,  2006;  Meissle  et  al.,  2011b).  Foliar  broad-spectrum  insecticides  are 
sometimes applied to suppress adult populations, especially in continuous maize, in order to decrease 
egg laying by adult females and hence the number of overwintering eggs and hatching larvae in the 
following year (Levine and Oloumi-Sadeghi, 1991; Boriani et al., 2006). Foliar insecticides can also 
be applied to prevent silk clipping by adults in seed and sweet corn production, where high grain 
quality is essential for marketing (Levine and Oloumi-Sadeghi, 1991; Tuska et al., 2002; Boriani et al., 
2006; van Rozen and Ester, 2010; Meissle et al., 2011b). In EU regions where WCR populations have 
been detected (EC, 2012), but are not yet established, mandatory eradication programmes require the 
application  of  insecticides  and  planting  restrictions  on  maize  in  buffer  zones  surrounding  new 
introduction points (FCEC, 2009; Carrasco et al., 2010).  
Compared with pest management currently practised against WCR in conventional maize cropping 
systems, cultivation of Diabrotica-active Bt-maize can reduce the use of insecticides that are more 
harmful to the environment, given that  fewer or no treatments with soil or foliar broad-spectrum 
insecticides may be needed (Porter et al., 2012). Therefore, maize 59122 is expected to result in a 
reduced environmental load from chemical insecticides (Alston et al., 2002; Rice, 2004), and lead to 
fewer adverse side effects on non-target arthropods in the maize ecosystem, when it replaces chemical 
insecticides  (Marvier  et  al.,  2007;  EFSA,  2008b;  Wolfenbarger  et  al.,  2008;  Naranjo,  2009).  As 
indicated in Section 6.2.3.1, the cultivation of maize 59122 could lead to the evolution of resistance in 
the target pest and so cultivation practices will need to be adapted accordingly.  
6.2.7.2.  Changes in weed management practices 
Although maize 59122 is tolerant to glufosinate-ammonium-based herbicides, the EFSA GMO Panel 
did not assess the potential adverse effects associated with the use of such herbicides on maize 59122, 
as maize 59122 will not be marketed in the EU as a herbicide-tolerant crop.
112  
6.2.8.  Conclusion on the environmental risk assessment 
As  the  scope  of  the  current  application  covers  cultivation,  the  environmental  risk  assessment 
considered the environmental impact of full-scale commercialisation of maize 59122. 
The EFSA GMO Panel concludes that maize 59122 is unlikely to have any adverse effect on the 
environment,  except  for  the  possible  resistance  evolution  to  the  Cry34Ab1/Cry35Ab1  proteins  in 
coleopteran target pests. The possible resistance evolution to the  Cry34Ab1/Cry35Ab1 proteins in 
coleopteran  target  pests  is  identified  by  the  EFSA  GMO  Panel  as  a  concern  associated  with  the 
cultivation of maize 59122, as resistance evolution may lead to altered pest control practices that may 
cause adverse environmental effects. The EFSA GMO Panel therefore recommends that appropriate 
risk management strategies are implemented to delay and monitor resistance evolution. 
The apparent activity of Cry34Ab1/Cry35Ab1 at high concentrations against the lepidopteran species 
(e.g.,  O. nubilalis  and  S. cerealella)  was  not  expected  based  on  the  known  spectrum  of  activity 
(Coleoptera only) of these binary proteins. The EFSA GMO Panel considers that there are indications 
of a potential hazard to Lepidoptera owing to cross-order activity at high Cry34Ab1/Cry35Ab1 protein 
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concentrations. However, based on the submitted toxicity data and a theoretical exposure assessment, 
no risk to non-target Lepidoptera is expected from exposure to maize 59122 pollen in the field.  
Scientific uncertainties pertaining to the specific potential of Cry34Ab1/Cry35Ab1 to accumulate and 
persist in soil during subsequent years of cultivation of maize 59122 remain, owing to the lack of 
experimental evidence. Therefore, the EFSA GMO Panel recommends that the remaining scientific 
uncertainties can be resolved with data acquired during post-market environmental monitoring.  
The conclusions of the EFSA GMO Panel on the environmental safety of maize 59122 are  largely 
consistent with those of the NL CA. The NL CA concluded that ―cultivation of line 59122 poses a 
negligible risk to human health and the environment, under the condition that specific monitoring for 
ladybird beetles is incorporated‖ (Section 8 of the environmental risk assessment report of the NL 
CA). Based on the additional toxicity data on a representative European coccinellid species requested 
by the EFSA GMO Panel and estimated worst-case expected environmental concentrations, no risk to 
coccinellids are expected from exposure to plant-produced Cry34Ab1/Cry35Ab1 proteins or maize 
59122. 
6.3.  Risk management strategies
113 
6.3.1.  Risk mitigation measures 
According to the EFSA GMO Panel guidelines on the environmental risk assessment of GM plants 
(EFSA, 2010c) and in line with Annex II of the Directive 2001/18/EC, the risk assessment can identify 
risks that require management and propose mitigation measures to reduce the levels of risk. Risk 
mitigation should be proportionate to the levels of risk identified in the environmental risk assessment 
and the remaining scientific uncertainties. 
The EFSA GMO Panel recommends that appropriate risk mitigation measures are implemented to 
delay resistance evolution to the Cry34Ab1/Cry35Ab1 proteins in coleopteran target pests. The EFSA 
GMO Panel evaluation of the efficacy and scientific quality of the risk mitigation measures proposed 
by the applicant is described below. 
6.3.1.1.  Risk mitigation measures to delay resistance evolution to the Cry34Ab1/Cry35Ab1 proteins 
in coleopteran target pests 
Insect resistance management plan proposed by the applicant 
In line with the applicants‘ EU working group on insect resistance management (as referred to by 
Alcalde et al. (2007)), the applicant proposed to put in place risk mitigation measures to delay the 
possible resistance evolution in the target insect pests. According to the insect resistance management 
plan proposed by the applicant, farmers growing more than 5 ha of maize 59122 in the EU shall 
establish  refuge  areas  with  non-Cry34Ab1/Cry35Ab1-expressing  maize,  corresponding  to  at  least 
20 % of the area planted with maize 59122. The applicant‘s reasoning for implementing the refugia 
only  on  farms  where  the  area  of  maize  59122  is  greater  than  5 ha  is  based  on:  (1)  the  high 
fragmentation  of  the  European  agricultural  landscape;  (2)  the  lack  of  economic  feasibility  for 
providing refugia on farms with less than 5 ha maize 59122; and (3) the negligible risk of evolution of 
resistance in areas with maize 59122 smaller than 5 ha (Alcalde et al., 2007).  
In  addition  to  maintaining  an  adequate  level  of  refuge  areas  with  non-Cry34Ab1/Cry35Ab1-
expressing  maize,  the  insect  resistance  management  plan  proposed  by  the  applicant  covers  the 
following elements: (1) monitoring for resistance (Section 6.3.2, below); (2) the implementation of a 
comprehensive  education  (training)  programme  to  aid  farmers  to  understand  the  importance  of 
adhering  to  insect  resistance  management  requirements,  which  is  key  to  the  success  of  the  high 
dose/refuge  strategy  (Section 6.3.2,  below);  and  (3)  remedial  measures  to  respond  to  confirmed 
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resistance  (either  to  mitigate  the  further  evolution  of  resistance  (prevent  its  spread)  or  eradicate 
resistance (if detected timely)) (Glaser and Matten, 2003; Alcalde et al., 2007; MacIntosh, 2010; Head 
and Greenplace, 2012).  
High dose/refuge strategy 
The EFSA GMO Panel considers that appropriate insect resistance management strategies are capable 
of delaying possible evolution of resistance under field conditions (see also Alstad and Andow, 1995; 
Andow,  2008;  Tabashnik  et  al.,  2008a,  2009;  Huang  et  al.,  2011).  Insect  resistance  management 
strategies are designed to minimise the selection pressure associated with Bt-crops, in order to prevent 
or at least delay resistance evolution in the target insect pests and to extend the durability of Bt-crops 
(Bates et al., 2005; Alcalde et al., 2007; Andow, 2008; MacIntosh, 2010; Head and Greenplate, 2012). 
As currently implemented for several Bt-crops in several countries, the insect resistance management 
plan  proposed  by  the  applicant  relies  on  the  high  dose/refuge  strategy  (Gould,  1998;  Glaser  and 
Matten,  2003;  MacIntosh  2010).  The  high  dose/refuge  strategy  prescribes  planting  Bt-crops  that 
produce  a  very  high  concentration  of  the  Bt-protein  (25    the  amount  needed  to  kill  > 99 %  of 
susceptible individuals (LC99)), so that nearly all target insect pests that are heterozygous for resistance 
do not survive on it. In addition, a nearby structured refuge of the non-Bt-crop is required where the 
target insect pest does not encounter the Bt-protein (Alstad and Andow, 1995; Gould, 1998; Ives and 
Andow, 2002). Note that non-Bt-crops or refuges are intended to mean areas under a crop that does 
not express Bt-proteins that are active against the target insect pest. Under these conditions, most of 
the rare resistant individuals surviving on the Bt-crop will mate with abundant susceptible individuals 
emerging from nearby refuges to produce heterozygous offspring that are phenotypically susceptible. 
If inheritance of resistance is recessive, then the hybrid progeny from such matings will die on the Bt-
crop.  
The success of the high dose/refuge strategy is aided if the following conditions are met: (1) the Bt-
protein is expressed at appropriate levels in relevant plant parts; (2) initial resistance alleles are rare in 
the target insect pest population, so that nearly all resistance alleles will be in heterozygote individuals 
that cannot survive on the Bt-crop; (3) random mating occurs between resistant insects emerging in Bt-
crops  and  susceptible  insects  preserved  on  refuges  at  sufficient  levels;  (4)  resistance  alleles  are 
partially or fully recessive; and (5) fitness costs are associated with the resistance. Whether these 
conditions of the high dose/refuge strategy are met for WCR and maize 59122 is considered below. 
(1)  Bt-protein is expressed at appropriate levels in relevant plant parts: The predicted duration of 
susceptibility  of  target  insect  pests  to  the  Bt-protein  is  dependent  upon  many  factors  (e.g., 
Tyutyunov et al., 2008), including its dose in the Bt-crop (Onstad et al., 2001a). It is generally 
assumed that the Bt-protein concentration in relevant plant parts must be sufficiently high to kill a 
high proportion of heterozygous resistant genotypes, so that any resistance allele in the target 
insect pest population remains functionally recessive (Gould, 1998; Andow, 2008). Instances of 
field-selected resistance reported so far (reviewed by Tabashnik et al., 2009; Huang et al., 2011) 
support model predictions that target insect pests are at greater risk of evolving resistance if 
managed by Bt-crops that are not high dose (Tabashnik et al., 2004). 
The average reduction in adult WCR emergence on maize 59122 in different field studies ranged 
from 94.2 % to 96.48 % (Storer et al., 2006; Binning et al., 2010; Hibbard et al., 2010a; US EPA, 
2010b). Lefko et al. (2008) reported that the F1 generation of two WCR colonies reared on maize 
59122 in a laboratory experiment had mortality rates of 99.6 % and 98.7 % (see also Nowatzki et 
al., 2008). In all studies reported above, the observed survival was > 100-fold higher than the US 
EPA standard of 0.01 % for a Bt-crop that is truly high dose (Tabashnik and Gould, 2012). These 
findings confirm that maize 59122 fails to meet the high dose condition and that the expression of 
Bt-proteins in this event is to be considered low to moderate. The ability of heterozygous resistant 
WCR progeny, resulting from the mating between individuals emerging from the refuge and Bt-
maize fields, to survive on Bt-maize may diminish the efficacy of the high dose/refuge strategy to 
delay resistance evolution (Gassmann et al., 2011).  Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
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Because WCR is not extremely susceptible to Cry34Ab1/Cry35Ab1 proteins and older instars are 
inherently less susceptible than neonates, larvae can survive the exposure to maize 59122 (Siebert 
et al., 2012). It has been postulated that larvae surviving on Bt-maize may also do so by grazing 
on the outside of Bt-protein-expressing roots, thereby minimising exposure to Bt-proteins. Root 
growing  points  are  more  metabolically  active,  and  have  a  higher  content  of  total  soluble 
Cry34Ab1/Cry35Ab1 proteins compared with older root tissue (Lefko et al., 2008).
114 Moreover, 
Cry34Ab1/Cry35Ab1 proteins appeared relatively more concentrated in the endodermis and 
epidermis and less concentrated in the vascular tissues.  Results suggest that a repellent factor in 
roots or root exudates may contribute to the overall efficacy of maize  59122  (Rudeen and 
Gassman, 2012). 
(2)  Initial resistance alleles are rare in the target insect pest population: The resistance alleles must 
be sufficiently rare (the frequency should be typically < 0.001, which has been taken as a default 
value when modelling the evolution of resistance to Bt-proteins (Roush, 1994)), so that nearly all 
resistance alleles are in heterozygote genotypes that are eliminated by the Bt-crop (Andow, 2008). 
Studies in which the frequency of resistance alleles to Bt-proteins in populations of WCR are 
directly estimated have not been published in the scientific literature. In the case of maize 59122, 
evidence suggests complex inheritance of resistance, owing to the involvement of one or more 
minor genes (Lefko et al., 2008). Characterisation of the selected WCR colonies by Lefko et al. 
(2008) suggests that the frequency of a major resistance allele in US populations is low. Annual 
resistance  monitoring  with  no  apparent  shifts  in  WCR  susceptibility  to  Cry34Ab1/Cry35Ab1 
(Table 2) provides indirect evidence that the initial resistance allele frequency may be low.
115 
However, based on the outcomes of the artificial selection experiments conducted by Lefko et al. 
(2008), Onstad and Meinke (2010) calculated that the initial resistance allele frequency may 
range between 0.05 and 0.1 for maize 59122.  
(3)  Random mating occurs between resistant insects emerging in Bt-crops and susceptible insects 
preserved  on  refuges  at  sufficient  levels:  For  the  refuge  to  be  effective  its  placement, 
configuration and size should ensure that resistant and susceptible insects mate more or less 
randomly, and that susceptible insects outnumber resistant ones. How much mixing and mating 
will occur between individuals emerging from the refuge and Bt-maize fields is determined by the 
scale of adult movement. Although adult WCR can move substantial distances (Coats et al., 1986; 
Toepfer et al., 2006; Carrasco et al., 2009), most movements are quite local, and limited to short-
ranged movements within fields or between adjacent fields, especially prior to mating (Naranjo, 
1990, 1991, 1994; Storer, 2003; Meinke et al., 2009; Szalai et al., 2011). The range of adult 
movement measured in maize fields was shown to be less than 30 m per day (Coats et al., 1987; 
Nowatzki  et  al.,  2003;  Spencer  et  al.,  2003,  2005),  with  an  average  dispersal  rate  of 
approximately 15 m per day (Spencer et al., 2009). The tendency for short-distance dispersal may 
delay  resistance  evolution  at  a  landscape  level  (Caprio  and  Tabashnik,  1992),  but  it  may 
contribute to the persistence and intensification of resistance in localised areas (Gassmann et al., 
2011).  
WCR  females  are  unlikely  to  disperse  before  mating,  meaning  that  males  are  the  primary 
dispersers  before  mating  (Spencer  et  al.,  2003;  Marquardt  and  Krupke,  2009);  pre-mating 
movement of males can be extensive when responding to reproductive females (Meinke et al., 
2009). Mating typically occurs within 24–48 hours of female adult emergence within the maize 
fields they emerged from or nearby. Males normally emerge before females and are capable of 
mating multiple times (on average twice during their lifespan), although they are less likely to 
mate as they age, whereas females generally mate only once (Kang and Krupke, 2009a). Given 
the known ambit of males, planting refuges for maize 59122 adjacent to, or within the Bt-maize 
field, preferentially in large blocks or as row strips of at least four or more rows, is considered 
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adequate (US EPA, 2007, 2010a,b) to ensure that males from refuges encounter receptive females 
on Bt-maize in time to mate.  
A non-synchronous emergence of WCR from refuges and Bt-maize fields could result in non-
random  (assortative)  mating  and  contribute  to  resistance.  Based  on  a  series  of  laboratory 
experiments,  Kang  and  Krupke  (2009a)  argued  that  the  realised  mating  activity  between 
susceptible males from refuges and potentially resistant females on Diabrotica-active Bt-maize 
may be low, because the mating ability of males declines rapidly and adults in Bt-maize may 
emerge later than those in the refuge. Storer et al. (2006) and Rudeen and Gassmann (2012) 
reported a seven-day delay in initial emergence of WCR from maize 59122, compared with the 
near-isogenic line. Further, males have been shown to prefer larger females under laboratory 
conditions (Kang and Krupke, 2009b), which could result in assortative mating too (Murphy et 
al., 2011). 
(4)  Resistance  alleles  are  partially  or  fully  recessive:  If  resistance  is  completely  recessive,  then 
heterozygous offspring resulting from crosses between resistant and susceptible individuals are 
expected  to  be  susceptible  to  the  Bt-protein,  thus  preventing  or  slowing  resistance  evolution 
(Bates et al., 2005). The longest delays in resistance evolution are expected for resistance traits 
that are completely recessive. The applicant indicated that maize 59122 has been cultivated in the 
United States for eight years without an instance of resistance, providing indirect evidence that 
resistance is probably recessive.
116 Using the data reported by Lefko et al. (2008),  Onstad and 
Meinke (2010) determined that the dominance value (h) values (defined by Liu and Tabashnik, 
1997) range from 0.5 to 0.75 for maize 59122. The calculations of h values point to non-recessive 
inheritance  of  resistance  under  artificial  selection  experiments,  which  could  accelerate  the 
evolution of resistance in WCR in the field (Onstad and Meinke, 2010; Pan et al., 2011). 
(5)  Fitness costs are associated with the resistance: Fitness costs associated with resistance occur 
when fitness on the non-Bt-crop is lower for resistant insects than the susceptible ones (Gassmann 
et al., 2009). As the most likely cause of instability of resistance to a Bt-protein is the fitness cost 
associated with resistance (Tabashnik, 1994), such costs could cause declines in resistance when 
the selection exerted by Bt-maize ceases. In refuges where resistant insects are not exposed to the 
Bt-protein, fitness costs would exert control over the frequency of resistance alleles, and delay or 
reverse resistance by selecting against resistant genotypes, thereby increasing the effectiveness of 
refuges  for  delaying  resistance  (Gould,  1998;  Carrière  and  Tabashnik,  2001;  Crowder  and 
Carrière,  2009).  Refuges  would  delay  resistance  evolution  not  only  by  providing  susceptible 
individuals to mate with resistant individuals, but also by selecting against resistance. Gassmann 
et al. (2009) reported that the magnitude of fitness costs is positively correlated with resistance 
ratios, with more resistant strains suffering greater fitness costs. Based on reported resistance 
ratios, only low fitness costs are expected to be associated with resistance to Bt-proteins in WCR. 
Few  studies  have  analysed  fitness  costs  associated  with  Cry3Bb1,  Cry34Ab1/Cry35Ab1  and 
mCry3A resistance in WCR (Devos et al., 2013), but available data for Cry3Bb1 suggest that 
fitness  costs  associated  with  Cry3Bb1  resistance  are  minimal  (Meihls  et  al.,  2008,  2012; 
Gassmann et al., 2012; Oswald et al., 2012). Because most of the data indicate that no or limited 
fitness costs are associated with resistance to Cry3Bb1, it is prudent to infer that major fitness 
costs are not necessarily present in field populations and, thus, fitness costs may not help to 
substantially delay WCR resistance. 
While  caution  must  be  exercised  when  extrapolating  laboratory  and  greenhouse  results  to  field 
conditions, the evidence discussed above indicates that several conditions contributing to the success 
of  the  high  dose/refuge  strategy  are  not  met  for  maize  59122  and  WCR:  (1)  the  Bt-proteins  are 
expressed heterogeneously at a low-to-moderate dose in roots; (2) resistance alleles may be present at 
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a higher frequency than initially assumed; (3) WCR may mate in a non-random manner due to short-
ranged movements before mating and non-synchronous emergence; (4) resistance traits could have 
non-recessive  inheritance;  and  (5)  fitness  costs  may  not  necessarily  be  associated  with  resistance 
evolution. Because the high dose condition is not met, the strategy for managing resistance in WCR 
would rely solely on a refuge, in order to maintain a susceptible population.  
Models developed to estimate the evolution of resistance in WCR populations predicted that a 20 % 
refuge  can  delay  resistance  evolution  for  Bt-maize  under  certain  conditions  (Onstad  et  al.,  1999 
2001a,b;  Storer,  2003;  Crowder  and  Onstad  2005;  Crowder  et  al.,  2005,  2006;  US  EPA,  2007, 
2010a,b; Onstad and Meinke, 2010; Pan et al., 2011). In some of these models, a range of efficacy and 
genetic parameter values were explored; adaptation to low- to moderate-dose Bt-crops were simulated 
by accounting for the fact that many or most of the individuals surviving on Bt-crops have susceptible 
phenotypes;  multi-locus  models  for  resistance  were  considered  instead  of  single-locus,  two-allele 
models for resistance; a spatially explicit model structure was accounted for; and more realistic data 
on  the  biology  of  WCR  were  integrated.  Depending  on  the  underlying  model  assumptions  and 
parameter values used in these models, which explore more or less conservative scenarios, resistance 
has been predicted to evolve in three to more than 20 years. With a 20 % block refuge planted every 
year in the centre of a Bt-maize field of 80 ha, Pan et al. (2011) estimated delays in resistance of at 
least 20 years when the initial resistance allele frequency was 0.001. For an initial resistance allele 
frequency of 0.01, the resistance allele frequency was likely to exceed 50 % (0.5) in seven years. With 
the annual relocation of the 20 % block refuge, the resistance allele frequency would exceed 50 % in 
nine  and  five  years,  if  the  initial  resistance  allele  frequencies  were  0.001  and  0.01,  respectively. 
Without adequate risk management strategies, resistance evolved in five and three years for initial 
resistance allele frequencies of 0.001 and 0.01, respectively (Pan et al., 2011). Similar trends were 
reported for dominance: as the h value increased, the time to 50 % allele frequency decreased. For 
cases of additive resistance (h = 0.5) resistance was predicted to evolve in 7–11 years under 20 % 
block  refuge  scenarios  (Onstad  and  Meinke,  2010).  However,  the  EFSA  GMO  Panel  notes  that 
resistance may evolve faster,  because some of the  parameter values used in the above-mentioned 
models are not conservative. For instance, the initial resistance allele frequencies in WCR for maize 
59122 may be 10–100   higher than typical empirical estimates of 0.01–0.001 for other target insect 
pests  (Carrière  et  al.,  2010;  Onstad  and  Meinke,  2010).  In  addition,  modelling  predictions  often 
assume complete compliance with refuge requirements (Pan et al., 2011; Gassmann, 2012). 
If the high dose condition of the high dose/refuge strategy is not achieved, modelling predictions 
indicate that resistance evolution can be delayed by increasing refuge abundance to compensate for the 
survival  of  hybrid  progeny  on  Bt-crops  (Gould,  1998;  Tabashnik  et  al.,  2004).  The  strategy  for 
managing  resistance in  WCR  would  rely  solely  on a  refuge  to  maintain a  susceptible  population 
(Murphy et al., 2010). Tabashnik and Gould (2012) recently advocated increasing refuge abundance 
by requiring a 50 % refuge of non-Bt-maize WCR instead of the current 20 % for the first generation 
of Diabrotica-active Bt-maize expressing a single Bt-protein against WCR. As the effectiveness of 
larger  refuges  may  be  diminished  by  the  probably  uneven  dispersal  of  WCR  under  certain 
configurations, the authors recognised the need to fine-tune their recommendation and to account for 
different spatial configurations of refuges. However, depending on refuge configurations, increased 
refuge abundance may have economic trade-offs, which may offset incentives to implement refuges 
and lead to reduced farmer compliance.  
It should be noted that maize 59122 itself may act as a (unstructured) refuge, because WCR larvae 
feeding  on  maize  59122  roots  may  not  be  exposed  to  Bt-proteins  uniformly  owing  to  their 
heterogeneous expression in roots. Hibbard et al. (2010b) demonstrated that many or most of WCR 
individuals initially surviving on maize MIR604 after one generation of selection in the field had a 
susceptible phenotype, suggesting that resistant individuals from the Bt-maize are mating not only 
with susceptible individuals from the refuge but also with susceptible individuals that emerged from 
the Bt-maize field. Bt-maize that is not truly high dose could thus yield susceptible adults that are 
available to mate with any WCR potentially carrying resistance alleles, and hence contribute to slow 
the onset of resistance evolution (Crowder and Onstad, 2005). Moreover, evidence has shown that Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
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several grass species can support the growth of WCR larvae (Clark and Hibbard, 2004; Oyediran et 
al.,  2004;  Wilson  and  Hibbard,  2004;  Breintenbach  et  al.,  2005)  and  may  therefore  serve  as  an 
additional (unstructured) refuge in which such host plants are abundant and appropriately distributed 
(Chege et al., 2005, 2009; Oyediran et al., 2005).  
Volunteers 
The extent to which maize 59122 volunteers in subsequent crops (including maize 59122) may affect the 
rate of resistance evolution is unclear. In the case of maize MON 863, Krupke et al. (2009) argued that 
the unpredictable and varying levels of the Cry3Bb1 protein in the roots of volunteer plants may 
facilitate more rapid evolution of resistance in WCR populations; larvae may survive exposure simply 
because the dose is lower, even without any differential feeding behaviour. It is also possible that due 
to larval movement (Hibbard et al., 2003, 2004, 2005; Zukoff et al., 2012; Schumann and Vidal, 2012) 
larvae would be exposed to sublethal doses of the Cry3Bb1 protein at later instar stages by feeding on 
a combination of volunteer and Bt-maize plants (Meihls et al., 2008; Krupke et al., 2009; Murphy et 
al., 2010). However, there is also the possibility that larvae may exhibit a feeding behaviour that 
minimises exposure to Bt-proteins. How much each of these mechanisms will contribute to the speed 
of resistance evolution overall is dependent upon the amount and type of Bt-maize planted, the number 
of maize volunteers present and the level of Bt-proteins expressed by these plants. The EFSA GMO 
Panel notes that the early and timely control of volunteer plants in subsequent crops may decrease the 
potential selection pressure on WCR populations, as these plants would be killed before the larval 
development of WCR is completed (Olmer and Hibbard, 2008; Marquardt et al., 2012). 
Compliance with refuge requirements 
Compliance with refuge requirements is a critical factor contributing to the success of insect resistance 
management plans in delaying the rate at which resistance evolves (Bourguet et al., 2005; Kruger et 
al.,  2009,  2012;  Huang  et  al.,  2011;  Onstad  et  al.,  2011).  In  the  case  of  maize  MON 863  and 
MON 88017, failure to fully comply with the refuge requirements and to carry out the operational 
details of insect resistance management plans may have contributed to the field-selected Cry3Bb1 
resistance reported in the United States (Andow et al., 2010; Gassmann et al., 2011). It is therefore 
important that education (training) programmes form an integral part of insect resistance management 
plans, as they aid farmers to understand the importance of adhering to insect resistance management 
requirements and are key to the success of the high dose/refuge strategy (Glaser and Matten, 2003; 
Bates et al., 2005; Andow, 2008; Head and Greenplate, 2012). The insect resistance management plan 
proposed by the applicant for maize 59122 proposes education programmes and specific means for 
communicating insect resistance management requirements (e.g., technical user guides, newsletters, 
technical bulletins, product brochures, sales meetings, presentations by local experts to farmers, and 
the requirement to attend education meetings for purchase of the product). Some of these tools will be 
used by the applicant, in addition to the traditional label that accompanies the Bt-crop and which 
outlines the contents of the product and standard directions for use (Alcalde et al., 2007; MacIntosh, 
2010).  Besides  education  programmes,  the  EFSA  GMO  Panel  notes  that  compliance  can  be 
maximised via farmer contracts, certification tests, audits, rewards for compliance, crop insurance for 
refuges, databases of non-compliant farmers, sales restrictions, and fines for non-compliance. 
Seed blends 
Seed blends (also termed seed mixtures or refuge in a bag), composed of a 5–10 % blend of non-Bt-
maize serving as refuge seed in the Diabrotica-active Bt-maize seed bag, are approved for commercial 
cultivation in the United States (US EPA, 2010c, 2011b). Seed blends will result in 100 % compliance 
and are more convenient for farmers to plant than the usual block and row strip refuges (Onstad et al., 
2011). The use of seed blends also distributes refuge plants relatively uniformly within the Bt-crop 
field. Further, when compared with block refuges, WCR emerging from refuge plants emerges more 
synchronously with those emerging from Diabrotica-active Bt-maize plants in seed blends (Rudeen 
and Gassmann, 2012). This increased proximity in both space and time may facilitate random mating Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
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between adults emerging from Bt-maize and refuge plants compared with block refuges (Murphy et 
al., 2011). However, the advantages of seed blends may be offset by the potential for larval movement 
between roots of Bt-maize and refuge plants (Hibbard et al., 2003, 2004, 2005; Zukoff et al., 2012; 
Schumann and Vidal, 2012), and the exposure of later instars to sublethal doses of the toxin (Goldstein 
et al., 2010; Murphy et al., 2011; Onstad et al., 2011; Razze and Mason, 2012; Zukoff et al., 2012). 
For Bt-crops that are truly high dose, Mallet and Porter (1992) indicated that the movement of larvae 
between  Bt-crop  and  refuge  plants  may  lower  the  selective  differential  between  susceptible  and 
resistant  genotypes,  and  increase  the  effective  dominance  of  resistance  by  producing  more 
heterozygote individuals (Glaum et al., 2012; Siegfried and Hellmich, 2012; but see Tabashnik, 1994).  
Overall, resistance evolved more slowly under seed blend scenarios than for WCR colonies reared 
fully on Bt-maize (Onstad, 2006; Meihls et al., 2008; Binning et al., 2010; Pan et al., 2011; Rudeen 
and Gassmann, 2012; Zukoff et al., 2012), indicating that the WCR biology seems to lend itself to the 
seed blend concept (US EPA, 2009). Fully rearing WCR larvae on Diabrotica-active Bt-maize led to 
resistance within three generations, while selection for resistance when first instars were fed the near-
isogenic maize and third instars were fed Diabrotica-active Bt-maize led to the evolution of resistance 
within six generations of selection (Meihls et al., 2008). 
Recommendations to revise insect resistance management (including refuge) requirements 
According to the insect resistance management plan proposed by the applicant, only farmers growing 
more than 5 ha of maize 59122 in the EU shall establish  refuges with non-Cry34Ab1/Cry35Ab1-
expressing maize, corresponding to at least 20 % of the surface planted with maize 59122. In practice, 
this  would  mean  that  refugia  of  non-Cry34Ab1/Cry35Ab1-expressing  maize  would  not  be 
implemented on a considerable proportion of farms in certain EU countries, as the area planted to 
maize 59122 on these farms would cover less than 5 ha. In most cases, it is likely that sufficiently 
large areas of non-Cry34Ab1/Cry35Ab1-expressing maize will remain, providing widely distributed 
mosaics of both non-Cry34Ab1/Cry35Ab1-expressing and maize 59122 at regional scales. However, 
if maize 59122 was adopted on a larger scale in a region or in a cluster of fields with an aggregate area 
greater than 5 ha, then the potential for resistance evolution would be likely to increase. Therefore, the 
EFSA  GMO  Panel  recommends  that  there  should  always  be  refugia  equivalent  to  20 %  of  the 
aggregate area, irrespective of individual field and farm size.  
Modelling predictions indicated that increasing refuge abundance beyond 20 % may delay resistance 
evolution if the high dose condition of the high dose/refuge strategy is not achieved (Tabashnik and 
Gould, 2012). Until resistance monitoring data relevant to maize 59122 become available and point to 
Cry34Ab1/Cry35Ab1  resistance  evolution  in  WCR,  the  EFSA  GMO  Panel  considers  the 
implementation of greater than 20 % refuges disproportionate to the level of risk identified at this 
time.  Nonetheless,  the  EFSA  GMO  Panel  requires  that  the  insect  resistance  management  plan 
proposed  by  the  applicant  should  be complemented  with additional  insect resistance  management 
measures, as the Panel does not accept the 20 % refuge as the sole insect resistance management 
measure (see below). 
To ensure that males from refuges encounter receptive females on Bt-maize in time to mate, refuges 
for maize 59122 should be planted adjacent to, or within, the Bt-maize field in large blocks, as row 
strips of at least four or more rows, or as seed blends (US EPA, 2007, 2010a,b). The model of Storer 
(2003) showed that refuge strips, refuge blocks and refuge in nearby fields were all similarly effective 
at delaying resistance to maize 59122. The EFSA GMO Panel considers that refuge options for large 
fields of Diabrotica-active Bt-maize such as maize 59122 are the least optimised outside the Bt-maize 
field as separate refuge. Modelling predictions suggest that refuge strips and blocks would be more 
effective than a separate refuge in varying locations at delaying resistance to Diabrotica-active Bt-
maize (Storer, 2003). If a portion of the refuge were to be planted in the same fields or in-field blocks 
each year, WCR adaptation would be delayed substantially. Seed blends were shown to produce equal 
or greater durability than block refuges that were relocated each year (Onstad, 2006; Pan et al., 2011). Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
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However, the use of maize 59122 seed blends is not being recommended at this time until further data 
are gathered on the performance and suitability of this potential refuge option. 
To  optimise  and  encourage  compliance  with  refuge  requirements,  stewardship  agreements  should 
allow farmers to select appropriate refuge options, based on the size and spatial distribution of maize 
fields on a local scale. In regions dominated by large maize fields, refuges should ideally be planted as 
two- or four-row strips within the maize 59122 fields. Alternatively, it can be more convenient for 
farmers to plant the refuge along one side of the maize 59122 field as a block refuge, or to plant the 
entire perimeter of the maize 59122 field to the refuge. In regions with mainly small maize fields, 
farmers with multiple maize fields may choose to plant the refuge as the entirety of one of those fields 
(separate refuge) and maize 59122 in the others. 
Refuges planted as separate fields may be effective only if planted within a designated distance from 
the Bt-maize field. Therefore, a separate refuge should be in the immediate vicinity and separated by 
no more than 10 m from the longest side of the maize 59122 field. The refuge should be planted in a 
manner to minimise the average distance between the Bt- and non-Bt-maize plants and to maximise 
the common boundary between the Bt- and non-Bt-maize field. 
In cases in which larger fields are planted to maize 59122, the effectiveness of a single block or a 
single separate refuge may be diminished because of the probably uneven dispersal of WCR with a 
higher density of insects near the refuge (Gassmann et al., 2012). Therefore, stewardship agreements 
should specify the upper limit of the maize 59122 surface at which interspersed block or separate 
refuges should be established.  
As the life cycle of WCR extends over two consecutive maize growing seasons, the EFSA GMO Panel 
considers that separate fields designed to deliver susceptible WCR adults are suitable as refuges only 
if they have been cropped with non-Diabrotica-active Bt-maize for at least two successive years in the 
EU.  
To  improve  the  development  of  optimal  refuge  requirements  on  a  regional  scale  in  the  future, 
resistance monitoring data could be analysed retrospectively in conjunction with data on the spatial 
and temporal distribution of maize 59122 and refuges (e.g., Carrière et al., 2012).  
To limit non-synchronous emergence of WCR from refuge and maize 59122 fields, the type of maize 
to be planted as refuge should be of a similar hybrid/variety, as close as possible to the GM maize 
variety containing event 59122. Refuge maize should therefore be selected based on its equivalent 
maturity to the GM maize variety containing event 59122, and be planted within the same planting 
window  as  the  maize  59122  variety.  They  should  also  be  managed  using  comparable  agronomic 
(fertilisation, weed and pest management and irrigation) practices. The EFSA GMO Panel considers it 
acceptable to treat refuges for maize 59122 with seed treatments or soil-applied insecticides to control 
WCR larvae when WCR infestation levels are high, as this is not expected to adversely affect adult 
emergence from the refuge (US EPA, 2007, 2010a,b). However, it is not acceptable to treat refuges for 
adult WCR control as these treatments may diminish the efficacy of the refuge. Foliar applications for 
adult control are an option only if both refuge and Bt-maize fields are treated equally, and only if adult 
population densities are very high (US EPA, 2007, 2010a,b). 
To decrease the potential selection pressure on WCR populations, the early and timely control of 
maize 59122 volunteer plants in subsequent crops is advisable, as these plants would be killed before 
the larval development of WCR is completed. 
Owing  to  the  remaining  scientific  uncertainties  pertaining  to  the  appropriateness  of  the  high 
dose/refuge strategy in delaying resistance evolution for Bt-crops that are not truly high dose, the 
EFSA GMO Panel requires that the insect resistance management plan proposed by the applicant 
should be complemented with additional insect resistance management measures, so that additional 
and  diversified  resistance  management  strategies,  reliant  on  multiple  tactics  to  control  WCR,  are Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
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implemented. Stewardship agreements should prescribe diversity in cropping and WCR management 
practices, and recommend: (1) rotating fields to crops that are not hosts of WCR larvae; (2) alternating 
maize 59122 with other Bt-maize events that express one or more different Bt-protein(s) active against 
WCR; and (3) using additional pest management measures, such as insecticides or biological control 
agents, only when and where necessary in maize 59122 fields.  
(1)  Crop rotation is a key component of integrated pest management, and is an effective tool to 
manage WCR in areas in which no crop rotation-resistant WCR variant occurs. If maize 59122 is 
followed by a different crop in the consecutive spring, then hatched WCR larvae do not find 
enough food and starve quickly (Levine and Oloumi-Sadeghi, 1991; Kiss et al., 2005b; Boriani et 
al., 2006; Meissle et al., 2011b). To delay the evolution of resistance to Bt-proteins in WCR, or of 
a crop rotation-resistant WCR variant, sufficient diversity in crop rotations in space and time 
should be ensured, ideally at a regional scale. Alternating Bt-maize with another crop whenever 
possible  is  therefore  considered  useful,  especially  in  fields  with  a  high  probability  of  WCR 
infestation levels. Gassmann et al. (2011, 2012) found a significant positive correlation between 
the number of years that maize MON 88017 had been grown in a field and the survival of WCR 
populations  on  maize  MON 88017  seedlings  in  laboratory  bioassays.  Multiple  and  increased 
performance  failures  of  maize  MON 88017  were  mostly  reported  in  fields  in  which  maize 
MON 88017  was  grown  for  more  than  three  successive  years  without  crop  rotation  (Gray, 
2011a,b). To delay Cry34Ab1/Cry35Ab1 resistance to evolve in WCR, it is advisable not to grow 
maize 59122 for more than three consecutive years on the same field. 
(2)  An  additional  essential  component  of  integrated  pest  management  is  the  alternation  of 
insecticides with different modes of action. Rotation of Bt-maize expressing one or more different 
Bt-protein(s) active against WCR  as a WCR management strategy has been neglected in the 
United States (Porter et al., 2012). In areas with significant WCR infestation levels, Diabrotica-
active Bt-maize expressing the same Bt-protein is often planted in the same field year after year 
(Gassmann et al., 2011; Gray, 2011a,b; US EPA, 2011a). The EFSA GMO Panel considers that 
the  use  of  a  Diabrotica-active  Bt-maize  expressing  a  Bt-protein  different  from  the  one  that 
performed poorly in the previous year would avoid repeated selection pressure, provided that no 
cross-resistance  occurs.  Gassmann  et  al.  (2011,  2012)  reported  that  there  was  no  significant 
correlation among WCR populations for survival on maize 59122 and MON 88017. Offspring 
from WCR collected from Bt-maize MON 88017 problem fields and control fields had a similar 
survival on maize seedlings of Bt-maize DAS-59122-7 and the near-isogenic line, suggesting a 
lack  of  cross-resistance  between  Cry3Bb1  and  Cry34Ab1/Cry35Ab1.  Because  Cry3Bb1  is  a 
typical  three-domain-like  Bt-protein  and  has  no  sequence  similarity  with  the  binary 
Cry34Ab1/Cry35Ab1  proteins  (Bravo  and  Soberón,  2008),  it  acts  on  WCR  midgut  receptors 
independently of Cry34Ab1/Cry35Ab1 (US EPA, 2010a,b; Gassmann, 2012; Gassmann et al., 
2011, 2012). Cry3Bb1 is, however, more similar to mCry3A than Cry34Ab1/Cry35Ab1, and 
therefore cross-resistance is more likely between Cry3Bb1 and mCry3A (Rausell et al., 2004; 
Crickmore et al., 2013). Based on the analysis of WCR midgut membrane binding sites, Li et al. 
(2013)  demonstrated  the  lack  of  shared  binding  sites  for  Cry34Ab1/Cry35Ab1  and  Cry3Aa, 
Cry6Aa or Cry8Ba. These results indicate that midgut receptors involved in the mechanism of 
action differ between Cry34Ab1/Cry35Ab1 and the other proteins, and therefore suggest a low 
likelihood  of  receptor-mediated  cross-resistance  between  Cry34Ab1/Cry35Ab1  and  Cry3Aa, 
Cry6Aa or Cry8Ba. 
The pyramiding
117 in the same plant of two or mult iple toxins acting independently on WCR 
midgut receptors is also expected to delay the evolution of resistance to either toxin effectively 
when most individuals that are resistant to one toxin are killed by the other, and when selection 
for resistance to one of the toxins does not cause cross-resistance to the other (Roush, 1998; Zhao 
et al., 2005; Storer et al., 2012). In the absence of cross-resistance, model predictions by Onstad 
and Meinke (2010) showed that evolution of resistance to a  Bt-protein in WCR is generally 
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delayed  by  pyramided  traits  in  Diabrotica-active  Bt-maize  compared  with  two  single  traits 
deployed  sequentially.  However,  in  populations  in  which  WCR  has  begun  adapting  or  has 
evolved resistance to one of two Bt-proteins, the benefit from pyramiding may be diminished or 
offset,  respectively.  The  efficacy  of  pyramided  Diabrotica-active  Bt-maize  will  also  be 
diminished  if  cross-resistance  occurs.  However,  factors  facilitating  greater  larval  survival  on 
pyramided Bt-maize than the additive effect of the individual proteins have not yet been identified 
(Hibbard et al., 2011). 
(3)  The use of insecticides or biological control agents when and where necessary is an additional 
essential component of integrated pest management. Diabrotica-active Bt-maize is being used 
prophylactically in US areas with little or no need for it. Under these conditions, Porter et al. 
(2012) argued that planting non-Diabrotica-active Bt-maize can be profitable and should be one 
of  the  integrated  pest  management  tools  to  maintain  the  sustainability  of  Bt-maize;  non-
Diabrotica-active Bt-maize, used in conjunction with soil-applied insecticides or not, would not 
cause selection for resistance. Treatment of Diabrotica-active Bt-maize with insecticides targeting 
WCR  should  be  considered  only  under  special  circumstances,  and  is  therefore  not  a 
recommended  routine  management  strategy,  as  it  masks  the  geographic  extent  and  in-field 
severity of Bt-resistance and selects for resistance to the insecticides (Porter et al., 2012). In 
addition, entomopathogenic nematodes can serve as  biological control  agents (Toepfer et al., 
2008, 2009, 2010; Meissle et al., 2009; Petzold-Maxwell et al., 2012a,b). The EFSA GMO Panel 
considers that the decision to apply WCR management measures should be based on scouting, 
past experience and the population density of adult WCR in the preceding year‘s crop.  
The EFSA GMO Panel pinpoints the importance of implementing educational (training) programmes 
to  encourage  farmers  to  establish  appropriate  refuges  and  to  ensure  compliance  with  the  insect 
resistance management requirements recommended by risk managers.  
6.3.1.2.  Conclusion on risk mitigation measures 
The EFSA GMO Panel evaluated the efficacy and made recommendations on the scientific quality of 
the insect resistance management plan proposed by the applicant. While caution must be exercised 
when  extrapolating  laboratory  and  greenhouse  results  to  field  conditions,  evidence  indicates  that 
several conditions contributing to the success of the high dose/refuge strategy are not met for maize 
59122 and WCR (see above). Scientific uncertainties related to the appropriateness of the proposed 
strategy in delaying resistance evolution in WCR remain. Therefore, the EFSA GMO Panel does not 
accept the high dose/refuge strategy as the sole insect resistance management strategy, and requires 
that  the  applicant‘s  insect  resistance  management  plan  should  be  complemented  with  additional 
resistance management measures. Stewardship agreements should prescribe diversity in cropping and 
WCR management practices, and recommend: (1) rotating fields to crops that are not hosts of WCR 
larvae; (2) alternating maize 59122 with other Bt-maize events that express one or more different Bt-
protein(s)  active  against  WCR;  and  (3)  using  additional  pest  management  measures,  such  as 
insecticides or biological control agents, only when and where necessary in maize 59122 fields. The 
additional recommendations made by the EFSA GMO Panel to revise the applicant‘s insect resistance 
management plan in terms of refuge requirements should also be implemented by the applicant.  
The EFSA GMO Panel recommends that resistance and compliance monitoring is conducted to allow 
the periodic evaluation of the adequacy and efficacy of  the revised insect resistance management 
strategy. 
Models developed to estimate the evolution of resistance in WCR populations predicted that a 20 % 
refuge can delay resistance evolution for maize 59122 under certain conditions. However, the EFSA 
GMO Panel considers that some of the underlying model assumptions and parameter values used in 
these models are not sufficiently conservative and mainly represent best-case scenarios. Moreover, 
each model is subject to scientific uncertainties. Therefore, caution is recommended when predicting 
the future  responses  of  WCR  in  specific regions  based  on  other  target insect  pest  species,  or  on Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
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experiences elsewhere, as resistance evolution is dependent upon many factors.  The EFSA GMO 
Panel recommends that further research is conducted by the applicant to improve future modelling 
predictions of resistance in WCR populations due to the cultivation of maize 59122. 
If  appropriate  insect  resistance  management  measures  are  implemented,  the  EFSA  GMO  Panel 
concludes that resistance evolution to the Cry34Ab1/Cry35Ab1 proteins in coleopteran target pests 
could be successfully delayed.  
The NL CA acknowledged the potential for resistance to the Cry34Ab1/Cry35Ab1 proteins to evolve 
within the Diabrotica spp. population. The NL CA noted that ―the insect resistance management 
approach proposed by the applicant will only be adequate in case of recessive inheritance of  Bt-
resistance‖, but did not assess the appropriateness of the insect resistance management plan further 
(Section 7.1 of the environmental risk assessment report of the NL CA).  
6.3.2.  Post-market environmental monitoring
118 
Directive  2001/18/EC  introduces  an  obligation  for  applicants  to  implement  a  post-market 
environmental  monitoring  plan,  in  order  to  trace  and  identify  any  direct  or  indirect,  immediate, 
delayed or unanticipated effects on human health or the environment of GMOs as or in products after 
they have been placed on the market. This plan should be designed according to Annex VII of the 
Directive. According to Annex VII, the objectives of a post-market environmental monitoring plan 
are:  (1)  case-specific  monitoring—to  confirm  that  any  assumption  regarding  the  occurrence  and 
impact of potential adverse effects of the GMO or its use in the environmental risk assessment are 
correct (i.e., hypothesis based); and (2) general surveillance—to identify the occurrence of adverse 
effects of the GMO or its use on human health or the environment which were not anticipated in the 
environmental risk assessment (Sanvido et al., 2005, 2009, 2011a,b; EFSA, 2006b, 2011c).  
6.3.2.1.  Case-specific monitoring 
The EFSA GMO Panel recommends case-specific monitoring to monitor (1) resistance evolution to 
the Cry34Ab1/Cry35Ab1 proteins in coleopteran target pests, and to resolve the remaining scientific 
uncertainties pertaining to: (2) modelling predictions of resistance in WCR populations owing to the 
cultivation of maize 59122; and (3) the potential of the Cry34Ab1/Cry35Ab1 proteins to accumulate 
and persist in soil following subsequent years of continuous maize 59122 cultivation.  
In its evaluation report, the NL CA expressed reservations about the conclusions of the applicant that 
no negative effects were found in one of the two lower-tier studies with the surrogate coccinellid 
species C. maculata. The NL CA noted that ―although laboratory toxicity testing demonstrated a 
possible adverse effect on the growth of C. maculata larvae; in the field no such effect was observed 
on  ladybird  beetles‖.  Nonetheless,  the  NL  CA  was  of  the  opinion  that  ―the  applicant  should 
incorporate  specific  monitoring  for  ladybird  beetles‖  in  the  frame  of  case-specific  monitoring 
(Section 7.1 of the environmental risk assessment report of the NL CA). The EFSA GMO Panel agrees 
that the submitted data show that Cry34Ab1/Cry35Ab1 proteins may be toxic to C. maculata at dose 
levels that exceed field exposure. However, adverse effects were not seen at field dose levels when 
C. maculata  larvae  were  fed  a  mixture  of  natural  prey  and  pollen.  Because  C. maculata  is  not 
indigenous to Europe, the EFSA GMO Panel requested additional data on a representative European 
coccinellid  species.  In  response,  the  applicant  provided  lower-tier  studies  (including  tritrophic 
experiments)  with  the  focal  species  C. septempunctata.  Based  on  the  additional  toxicity  data  and 
estimated worst-case expected environmental concentrations, no hazard to C. septempunctata and no 
risk to coccinellids are expected from exposure to plant-produced Cry34Ab1/Cry35Ab1 proteins or 
maize  59122.  Therefore,  the  EFSA  GMO  Panel  concludes  that  case-specific  monitoring  of 
coccinellids is not necessary.  
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The EFSA GMO Panel evaluation of the efficacy and scientific quality of the case-specific monitoring 
proposed by the applicant is described below. 
Resistance evolution to the Cry34Ab1/Cry35Ab1 proteins in coleopteran target pests 
The applicant proposed to follow a two-pronged approach to detect early warning signs indicating 
increases in tolerance in the field. This approach consists of: (1) measuring the baseline susceptibility 
of WCR populations to the Cry34Ab1/Cry35Ab1 proteins and changes in that susceptibility in the EU; 
and (2) monitoring of unexpected field damage caused by WCR. The EFSA GMO Panel considers 
these two approaches to be complementary, because monitoring for WCR susceptibility is more likely 
to detect changes in susceptibility occurring on a broader spatial scale than reports of unexpected field 
damage  that  target  the  detection  of  localised  resistance.  The  EFSA  GMO  Panel  agrees  with  this 
approach and considers it adequate to detect early warning signs of increased tolerance, so that actions 
to limit the survival of resistant insects and to slow or prevent their spread, should resistance have 
evolved among field populations, can be taken timely. Acquired data will also contribute to resolving 
the remaining scientific uncertainties related to the appropriateness of the high dose/refuge strategy in 
delaying resistance evolution in WCR. In addition, those data may allow the periodic evaluation of the 
adequacy  and  efficacy  of  the  revised  insect  resistance  management  strategy.  To  ensure  that  any 
resistance is detected timely, resistance monitoring should be performed annually. 
(1)  Baseline and monitoring WCR susceptibility: Resistance monitoring aims to measure the baseline 
susceptibility of WCR to the Bt-proteins and shifts in that susceptibility over time. This baseline 
susceptibility should represent the natural variability in response to the Bt-proteins among WCR 
populations across their geographic distribution range, preferably prior to the first introductions of 
maize 59122 (Siegfried et al., 2005). To obtain comparable data and to detect actual shifts in 
susceptibility  at  an  early  stage,  a  consistent  methodology  in  terms  of  sampling,  laboratory 
bioassays and toxin standardisation is required (Andow, 2008; Tabashnik et al., 2008a, 2009; 
Siegfried and Spencer, 2012; Devos et al., 2013). 
-  The  EFSA  GMO  Panel  recommends  utilising  appropriate  sampling  strategies  to  collect 
individuals in the field. Setting the most adequate and precise susceptibility baselines can be 
achieved through random sampling. Measuring shifts in that susceptibility can be realised 
through targeted sampling in areas in which the selection pressure is believed to be highest 
and which correspond to those areas where WCR populations are known to regularly reach 
high infestation levels and where maize 59122 uptake is highest (‗hotspot areas‘). The target 
pest population needs to be large enough to provide sufficient numbers of healthy individuals 
for collection. Widely adopted guidelines for sampling corn borers recommend the sampling 
of 200 larvae, 200 adults, 100 mated females or 100 egg masses per sampled population and 
set the minimum population size considered to be a valid sample for testing at 50 larvae, 50 
adults, 25 mated females or 25 egg masses. Similar guidelines for sampling WCR are under 
development (Siegfried and Spencer, 2012). The sampling strategy should include fields 
cropped to maize 59122 and adjacent fields cropped to non-Cry34Ab1/Cry35Ab-expressing 
maize or conventional maize, annual sampling during each maize growing season, follow-up 
sampling of the same populations in subsequent seasons and sampling at appropriate times. 
As resistance is less likely to evolve rapidly in maize-growing areas with a low uptake of 
maize 59122, sampling in such areas could be at a lower frequency, compared with hotspot 
areas, and serve to establish susceptibility baselines. Baseline data should be established 
preferably before the first introductions of maize 59122, but at least during the initial years 
of its launch prior to high market penetration. Ideally, the same areas should be monitored 
over time to reduce the natural geographical variation in susceptibility (Farinós et al., 2004, 
2011, 2012; Saeglitz et al., 2006; Gaspers et al., 2011). Appropriately designed sampling 
strategies should account for the abundance, distribution and dispersal behaviour of WCR, 
and local variability in susceptibility levels. Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
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-  Most resistance monitoring studies have used insect diet bioassays to determine LC50 and 
EC50 values in individuals derived from field-collected populations exposed to Bt-crops, and 
to compare those with that of susceptible laboratory reference or non-exposed field-derived 
colonies (Siegfried et al., 2007; Andow 2008; Tabashnik et al., 2008a, 2009; Siegfried and 
Spencer, 2012). The estimation of LC50 and EC50 values and the establishment of dose–
response  relationships  require  data  from  several  toxin  concentrations,  and  allow  the 
calculation of resistance ratios. An increase in the resistance ratio indicates a decrease in 
susceptibility,  which  may  be  heritable.  The  dose–response  bioassay  method  has  proved 
adequate for documenting resistance that reached high levels, but is insensitive to small 
changes in resistance allele frequency, especially in the early stage of resistance evolution 
when resistance is first appearing and the frequency of resistant individuals is relatively low 
(Bourguet et al., 2005; Siegfried et al., 2007; Tabashnik et al., 2009; Siegfried and Spencer, 
2012).  
Alternatively, susceptibility testing is performed with larvae (F1 offspring) obtained from 
field-collected  individuals  using  a  diagnostic  or  discriminating  dose  of  the  Bt-protein 
incorporated into an artificial diet (Siegfried et al., 2007; Andow, 2008; Tabashnik et al., 
2008a, 2009; Siegfried and Spencer, 2012). Such a dose, when carefully selected, ensures 
100 %  mortality  of  fully susceptible  WCR  populations  (LC99),  survival  of only  resistant 
individuals,  and  discrimination  between  resistant  and  susceptible  individuals.  Decreased 
susceptibility and potential field-selected resistance are then demonstrated as the percentage 
of  individuals  surviving  exposure  to  a  fixed  amount  of  the  Bt-protein.  Ideally,  resistant 
individuals are needed to determine the discriminating dose, but in the absence of resistant 
individuals, some multiple of the LC50 or LC99 for susceptible larvae is commonly used 
(Andow, 2008). The discriminating dose bioassay is a cost-effective method that allows the 
testing of many individuals at an appropriate dose, and will detect low frequencies of both 
polygenic  and  multiple  resistance  (Bates  et  al.,  2005).  However,  Bourguet  et  al.  (2005) 
indicated that the discriminating dose bioassay is more likely to detect dominant resistance 
alleles, and would be inefficient at detecting recessive alleles in heterozygotes (see also 
Siegfried and Spencer, 2012). As individuals heterozygous for a recessive resistance allele 
have a susceptible phenotype, they will not survive the discriminating dose, and therefore 
reliable  detection  of  allele  frequencies  below  10 % (0.1) is  impractical  (Siegfried  et  al., 
2007). 
The F2 screen was proposed as a method to detect rare and highly recessive resistance alleles 
in  a  heterozygous  state  (Andow  and  Alstad,  1998,  1999;  Andow  and  Ives,  2002).  This 
methodology involves establishing single-female family lines from a large number of field-
collected  individuals  by  inbreeding  the  offspring  of  each  collected  female  within  family 
lines.  The  offspring  of  these  matings  (i.e.,  the  F2  of  the  collected  generation)  are  then 
screened at a discriminating dose to detect any homozygous individuals (Zhao et al., 2002). 
The purpose of the inbreeding process is to allow potentially heterozygous offspring of the 
field-collected females to mate with each other, generating a significant and easily detectable 
fraction of homozygous resistant offspring. Through back-calculation of the frequency of 
family lines containing a resistant allele, the frequency of the resistance allele in the sampled 
population can be estimated (Siegfried and Hellmich, 2012; Siegfried and Spencer, 2012). 
The F2 screen is far more sensitive than a discriminating dose bioassay to detect recessive 
traits, although it does not allow the detection of polygenic resistance (Zhao et al., 2002). 
Moreover, it does not require obtaining a resistant WCR colony beforehand. However, given 
the time and effort required for the F2 screen, the fact that resistance to Cry34Ab1/Cry35Ab1 
is most probably polygenic and that resistance alleles may be more common than initially 
thought in WCR, the F2 screen may not offer significant benefits over the dose–response and 
discriminating dose bioassay.  
The surface treatment of diet is usually utilised in diet bioassays to generate dose–response 
curves,  or  to  discriminate  between  resistant  and  susceptible  individuals.  Instead  of Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
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incorporating the Bt-protein uniformly in the diet, it is added to the surface of the diet (e.g., 
Marçon et al., 1999; Siegfried et al., 2000, 2005; Farinós et al., 2004, 2011, 2012; Blanco et 
al., 2008; Gaspers et al., 2011). Important advantages of the surface treatment are the lower 
amount of Bt-protein required for each test and the reduction in costs associated with Bt-
protein preparation (Blanco et al., 2008). However, compared with the surface treatment, the 
incorporation technique allows a more homogeneous distribution of the Bt-protein solution 
in  the  diet  and  thus  a  consistent  exposure  of  each  larva.  As  larvae  may  be  exposed 
inconsistently to the Bt-protein when directly burrowing and feeding into the diet instead of 
grazing on the diet surface, this technique may be prone to error. However, a side-by-side 
comparison  between  the  surface  and  incorporation  treatment  led  to  similar  levels  of 
variability  in  susceptibility,  indicating  that  there  are  no  major  differences  between  both 
techniques  (Saeglitz  et  al.,  2006;  Siegfried  et  al.,  2007).  Further,  Siegfried  and  Spencer 
(2012) pinpointed the fact that strict quality control of bioassays using surface treatment 
through visual inspection is essential to minimise potential inconsistencies in terms of non-
uniform treatment and inconsistent exposure of larvae (see also Gaspers et al., 2011). Given 
the costs associated with Bt-protein preparation, its instability and limitations in the amount 
that can be produced, Siegfried et al. (2007) considered that the advantages of the surface 
treatment outweigh the possible increased uniformity of exposure that may be associated 
with incorporating the Bt-protein in rearing diets. 
The sensitivity of diet-based bioassays used to monitor WCR susceptibility in order to detect 
WCR resistance has been questioned (Nowatzki et al., 2008; Siegfried and Spencer, 2012). 
This is because WCR larvae are not that susceptible to Cry3Bb1, Cry34Ab1/Cry35Ab1 and 
mCry3A, so achieving significant mortality in WCR larvae can be challenging even at the 
highest  toxin  doses  used.  In  addition,  available  WCR  baseline  susceptibility  data  for 
Cry3Bb1 (Siegfried et al., 2005; US EPA, 2011a), Cry34Ab1/Cry35Ab1 (US EPA, 2010b) 
and mCry3A (US EPA, 2007) have shown that the range of natural variation in baseline 
susceptibility  can  be  greater  than  five-fold  (Siegfried  and  Spencer,  2012).
119  Therefore, 
discerning populations with decreased susceptibility from those with actual resistance to the 
Bt-protein  can  be  challenging.  The  consequence  is  that  small  changes  in  Bt-protein 
susceptibility, which could significantly affect product performance, could go undetected 
(Nowatzki et al., 2008). Additional challenges are that artificial diets are prone to microbial 
contamination, resulting in high rates of control mortality, WCR larvae may survive without 
feeding in three-day diet bioassays leading to an underestimation of the actual percentage 
mortality due to exposure to the Bt-protein, and only one generation of WCR can be tested in 
a given year, as WCR is univoltine and its life cycle involves an obligatory egg diapause (US 
EPA, 2011a; Siegfried and Spencer, 2012).  
Alternative methods to the dose–response and discriminating dose bioassays such as the 
sublethal seedling assay have been developed (Nowatzki et al., 2008) and applied to detect 
resistance in WCR (Lefko et al., 2008; Gassmann et al., 2011, 2012). Alves et al. (2012) also 
used  the  sublethal  seedling  assay  to  assess  within  and  among  population  variation  in 
susceptibility of neonate WCR to maize 59122 from six populations across Europe over two 
years. The sublethal seedling assay consists of exposing populations of neonate WCR to 
seedlings from either Bt-maize or the near-isogenic line for a fixed duration of time (usually 
17 days) and measuring the total larvae recovered and age structure of the larval population. 
Delays in larval development are detected in the distribution of the different larval instars, 
which  are  determined  based  on  head  capsule  width  (Hammack  et  al.,  2003).  Higher 
proportions of later instars recovered on Bt-maize roots during the fixed duration of exposure 
to maize roots indicate higher rates of larval population development and increased tolerance 
to  Bt-maize.  This  method  has  proved  adequate  to  detect  subtle  changes  in  population 
susceptibility and is more sensitive than the standard diet bioassays that typically rely on 
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mortality or growth inhibition as endpoints (Lefko et al., 2008; Nowatzki et al., 2008). This 
can be attributed to the more ecologically relevant larval exposure that is similar to that 
under field conditions, and to the use of the increased sensitivity of a sublethal endpoint 
(Lefko et al., 2008).  
-  The susceptibility of the target insect pest has been shown to vary considerably depending 
upon the source of Bt-protein used. Therefore, the same Bt-protein source should be used 
throughout the duration of resistance monitoring (Farinós et al., 2004; Saeglitz et al., 2006; 
US EPA, 2011a).  
The EFSA GMO Panel concludes that the F2 screen is not proportionate for routine resistance 
monitoring in the case of maize 59122, and that the dose–response and discriminating dose assays 
using the same Bt-protein source are suitable methods for monitoring WCR susceptibility and 
therefore should be adopted. The EFSA GMO Panel recognises the limitations of the current diet-
based bioassay methods, but considers that results from these assays can assist in monitoring for 
WCR  resistance.  The  top  Cry34Ab1/Cry35Ab1  concentrations  used  in  bioassays  should  be 
sufficiently  high  to  cause  consistently  > 50 %  mortality  for  either  field  or  laboratory  WCR 
populations. Should a more sensitive method than the dose–response and discriminating dose 
assays be required to detect subtle changes in population susceptibility, the sublethal seedling 
assay should be used. Resistance monitoring, through targeted field sampling in areas where 
maize 59122 uptake is the highest and selection pressure is greatest, should reveal changes in 
susceptibility of these WCR populations.  
(2)  Unexpected field damage caused by WCR: The monitoring of greater-than-expected field damage 
due to WCR is an important component of the early detection of resistance, as it allows capturing 
early warning signs indicating increased tolerance in the field and reporting those timely. Greater-
than-expected field  damage  resulting  from  WCR  control  failures  can easily  be  observed  and 
reported by farmers, provided that farmers know what level of WCR damage is to be expected 
under various conditions and what level of WCR control is normally achieved (see Gassmann et 
al., 2011; Gray, 2011a,b; US EPA, 2011a). Ideally, a comparison of performance of maize 59122 
and  refuge  plants  should  occur;  if  damage  levels  on  maize  59122  plants  surpass  economic 
thresholds and exceed those observed on refuge plants, then field resistance could be a concern. 
Such observations may reveal the occurrence of localised tolerance before it spreads, and may 
serve as a trigger for further investigation. For maize 59122 the EFSA GMO Panel recommends 
setting the greater-than-expected field damage threshold at 1.0 (node-injury scale; Oleson et al., 
2005; US EPA, 2011a). This could serve as a trigger: (i) to instruct farmers to use alternative 
WCR management options; and (ii) to initiate sampling of WCR adults in the fields of concern 
for the purpose of further evaluation and laboratory testing to confirm potential resistance. If adult 
beetles cannot be collected from problem fields during the season, adult sampling should occur in 
the problem area the following season, irrespective of the pest infestation levels and damage in 
the problem year (US EPA, 2011a). The majority of WCR adults do not disperse long distances, 
so the greatest probability of capturing resistant genotypes is in problem fields and, possibly, in 
adjacent fields. Sampling in neighbouring fields is reasonable during the following year, as adults 
may have moved from the problem fields to those fields, but only after in-field collection in 
problem fields has occurred.  
The EFSA GMO Panel concludes that greater-than-expected field damage due to WCR control 
failures should be reported. The EFSA GMO Panel considers that farmer questionnaires provide a 
relevant  early  alert  system  to  report  unexpected  field  damage  caused  by  WCR  larvae  (see 
Section 6.3.2.2). Stewardship agreements should specify what level of WCR damage is to be 
expected  under  various  conditions  and  what  level  of  WCR  control  is  normally  achieved. 
Additional communication mechanisms should be put in place for the timely reporting of farmer 
complaints regarding maize 59122 performance. It is critical that responses to farmer complaints 
about product failure and hence greater-than-expected field damage are made timely, so that Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
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suspected  resistance  can  be  declared  confirmed  resistance  and  remedial  measures  be 
implemented, or be refuted without undue delays.  
The EFSA GMO Panel concludes that the overall framework to monitor resistance evolution proposed 
by the applicant is consistent with those described in the scientific literature, but requests that its 
recommendations to strengthen it are implemented. 
Modelling predictions of resistance in WCR populations 
Models developed to estimate the evolution of resistance in WCR populations predicted that a 20 % 
refuge can delay resistance evolution for maize 59122 under certain conditions. However, the EFSA 
GMO Panel considers that some of the underlying model assumptions and parameter values used in 
these models are not sufficiently conservative and mainly represent best-case scenarios. Moreover, 
each model is subject to scientific uncertainties. Therefore, caution is recommended when predicting 
the future  responses  of  WCR  in  specific regions  based  on  other  target insect  pest  species,  or  on 
experiences elsewhere, as resistance evolution is dependent upon many factors. The EFSA GMO 
Panel recommends that further research is conducted by the applicant to improve future modelling 
predictions of resistance in WCR populations due to the cultivation of maize 59122. 
Potential of the Cry34Ab1/Cry35Ab1 proteins to accumulate in soil 
Based on general knowledge of the degradation of plant-produced Bt-proteins in soils and the overall 
concentrations  of  Cry34Ab1/Cry35Ab1  proteins  in  maize  59122,  it  is  unlikely  that  the 
Cry34Ab1/Cry35Ab1 proteins will reach soil concentrations that would affect non-target organisms, in 
the context of the intended uses of maize 59122. Although no risk was identified in the short term, 
scientific uncertainties pertaining to the specific potential of Cry34Ab1/Cry35Ab1 to accumulate and 
persist in soil during subsequent years of cultivation of maize 59122 remain, owing to the lack of 
experimental evidence. Therefore, the EFSA GMO Panel recommends that the remaining scientific 
uncertainties can be resolved with data acquired during post-market environmental monitoring. 
Data on the fate of the Cry34Ab1/Cry35Ab1 proteins in soil may be gathered either via a laboratory-
based study, or by quantifying the concentration of Bt-proteins from soil samples, which originate 
from representative fields previously cultivated with maize 59122 (see below).  
In the case of a laboratory study, the fate of the Cry34Ab1/Cry35Ab1 proteins should be studied over 
a  period  of  up  to  20  weeks  or  until  degradation  by  at  least  two  orders  of  magnitude.  Initial 
concentrations  of  the  Cry34Ab1/Cry35Ab1  proteins  in  soils  should  not  be  above  1–10 µg/g  soil, 
corresponding  to  the  amount  present  in  0.1–1 g  of  root  material  of  maize  59122.  The 
Cry34Ab1/Cry35Ab1 proteins should be extracted from the soils with a buffered solution, which also 
elutes the particle-adsorbed proteins, or a defined proportion of them. The buffer should stabilise the 
protein to avoid their disintegration. It is suggested that these analyses be conducted in the context of 
soil  incubations  at  room  temperature  or  below,  and  use  the  Cry1Ab  protein  as  a  reference,  thus 
allowing  comparison  of  the  fate  of  the  Cry34Ab1/Cry35Ab1  proteins  in  soil  to  the  as  yet  best 
characterised plant-produced Bt-protein. It is recommended that these studies be conducted with three 
native (not sterilised) field soils differing in their texture (one should have a clay content of 30 % or 
above) and pH (one should have a pH value above 7, one below). Quantifications should be conducted 
with ELISA using appropriate positive controls to determine their concentration.  
Alternatively, the applicant may quantify Cry34Ab1/Cry35Ab1 on agricultural or experimental fields 
with  three  different  representative  soils,  as  described  above,  on  which  maize  59122  has  been 
consecutively cultivated for a minimum period of five years. The field sites should be representative of 
climatic regions with relevance for maize cultivation in Europe. The soil sampling strategy should 
include independent replicates to consider the heterogeneity of agricultural fields, and the limit of 
detection should not be above 10 ng/g soil. Sampling of bulk soil should be conducted starting in the 
second year on an annual basis before seeding of maize 59122. The extraction should be conducted Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
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with a buffered solution, as described above, to achieve maximum extraction efficiency and stabilise 
the extracted proteins to be detectable and quantifiable by ELISA. 
6.3.2.2.  General surveillance 
The applicant proposed conducting general surveillance for maize 59122 throughout the period of 
validity of the authorisation. The general surveillance will take into consideration and be proportionate 
to the extent of cultivation of maize 59122 in the EU Member States. The applicant proposed to build 
its general surveillance on four approaches: (1) the use of annual farmer questionnaires; (2) the review 
of scientific information provided by existing monitoring networks; (3) the monitoring and review of 
ongoing research and development, as well as scientific literature; and (4) the implementation of 
industry stewardship programmes, in order to identify potential adverse effects associated with the 
intended uses of maize 59122. The EFSA GMO Panel evaluation of the efficacy and scientific quality 
of the general surveillance approach proposed by the applicant is described below. 
(1) Farmer questionnaires 
The EFSA GMO Panel agrees with the general surveillance approach of the applicant to establish 
farmer questionnaires as a reporting format that provides relevant information. The questionnaires to 
farmers exposed to or using GM plants are regarded by the EFSA GMO Panel as an adequate tool to 
address several aspects of general surveillance (EFSA, 2006b, 2011c). The EFSA GMO Panel is of the 
opinion  that  farmer  questionnaires  enable  the  reporting  of  any  on-farm  observations  of  effects 
associated with the cultivation of maize 59122, as this approach uses first-hand observations and relies 
on  farmers‘  knowledge  and  experience  of  their local  agricultural  environments,  comparative  crop 
performance and other factors that may influence events on their land (Schmidt et al., 2008; Wilhelm 
et al., 2010). Some of the questions link directly to assessment endpoints or give indirect indications of 
effects on assessment endpoints (EFSA, 2011c). 
Farmer  questionnaires  should  be  designed  to  determine  whether  any  unanticipated  effects  have 
occurred as a result of cultivation of the GM plant. The farmer/manager/worker should be asked to 
record any differences they observe between the management of the GM crop and a conventional 
(non-GM) crop of the same crop type, either on the same farm or cultivated nearby or in previous 
years (EFSA, 2011c). The applicant and risk managers are advised to consider the new EFSA GMO 
Panel  guidelines  on  post-market  environmental  monitoring  (EFSA,  2011c)  and  the  specific 
recommendations  on the  annual  post-market  environmental  monitoring  report of  maize  MON 810 
cultivation  in  2009  and  2010  (EFSA,  2011d,  2012)  when  finalising  and/or  or  evaluating  their 
monitoring plans.  
Farmer  questionnaires  should  also  be  designed  to  collect  information  on  the  implementation  of 
refuges,  technology  adoption  levels  and  farmer  use  patterns  (such  as  applied  pest  management 
practices). Such information will give indications on whether farmers followed and adhered to the 
insect resistance management (including refuge) requirements when growing maize 59122, and hence 
on  compliance  levels  (EFSA,  2011c,d,  2012).  Specific  questions  on  the  following  should  be 
considered: the proportion of non-Bt-maize compared with Bt-maize such as maize 59122 on the farm; 
refuge plant configurations; the distance between the refuge and the monitored Bt-maize field if the 
refuge is planted as a separate field adjacent to the Bt-maize field; differences in pest management 
practices of the refuge; and whether the separate refuge has been cropped with non-Bt-maize for at 
least two successive years. The reporting of non-compliance with refuge requirements, especially in 
areas  where  the  uptake  of  maize  59122  is  high,  may  serve  as  a  trigger  to  strengthen  education 
(training)  programmes  to  aid  farmers  in  understanding  the  importance  of  adhering  to  refuge 
requirements, and to impose penalties for non-compliance (such as the lack of access to the technology 
for deviations from the refuge requirements).  
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While  the  EFSA  GMO  Panel  considers  the  format  and  contents  of  the  farmer  questionnaire,  as 
provided by the applicant, comprehensive, it proposes the following modifications: 
-  In addition to the occurrence of (GM) volunteer maize from previous crops (whenever relevant), 
questions should be added on the possible occurrence and observation of (GM) feral maize plants 
(if any) in field margins for the consideration of unanticipated effects on the potential persistence 
and invasiveness of maize 59122; 
-  In  addition  to  the  questions  on  pest  and  disease  incidences  on  maize  59122,  the  farmer 
questionnaire should specifically request information on the occurrence of possible unexpected 
field-damaged maize 59122 plants which might be associated with WCR control failures, as this 
information will complement the case-specific monitoring of the possible evolution of resistance 
to  the  Cry34Ab1/Cry35Ab1  proteins  in  target  pests.  It  is  critical  that  responses  to  farmer 
complaints about maize 59122 failure and hence greater-than-expected field damage are taken 
timely, so that suspected resistance in WCR can be declared confirmed resistance and remedial 
measures be implemented, or be refuted without undue delays (see above); 
-  Questions  should  be  added  on  the  proportion  of  non-Cry34Ab1/Cry35Ab1-expressing  maize 
compared with maize 59122 on the farm, the distance between the refuge area and the monitored 
maize 59122 field in case the refuge is planted as a separate field adjacent to the Bt-maize field, 
the differences in pest management practices of the refuge, and whether the  refuge has been 
cropped with non-Cry34Ab1/Cry35Ab1-expressing maize for at least two successive years. 
In line with the general recommendations on the farmer questionnaire set out in its 2011 Scientific 
Opinion on post-market environmental monitoring (EFSA, 2011c), the EFSA GMO Panel advises that 
farmer questionnaires:  
-  are designed to ensure the appropriate statistical validity and representativeness of the collected 
data,  including  the  proportion  of  fields  growing  maize  59122  in  a  region  and  a  minimum 
percentage or number of questionnaires required to achieve statistical power in the data collected; 
-  are designed to generate data on the agronomic management of maize 59122, as well as data on 
impacts on farming systems and the farm environment;  
-  use  a  field  or  group  of  fields  growing  maize  59122  as  the  basic  unit  for  monitoring  in 
representative farming regions and for representative cropping systems within the country: the 
precise fields should be identified, so that their locations can be subsequently retrieved from 
registers of GM plant sites; 
-  clearly identify the comparator (e.g., variety, location) and whether it is being grown adjacent to 
maize  59122,  on  the  same  farm  or  in  another  location;  if  no  comparators  are  being  grown 
spatially or temporally close to maize 59122, then the rationale for selecting another comparator 
(e.g., historical data) should be fully described; 
-  where appropriate, observe the field/fields in subsequent years for any unusual residual effects; 
-  provide information on other GM plant events being grown at the same sites and farms; 
-  are adapted, where needed, to each GM plant monitoring on a case-by-case basis by considering 
additional data requirements relevant to each species/event, its management and its receiving 
environments; 
-  are user friendly but also information rich; 
-  are constructed to encourage independent and objective responses from farmers, land managers 
and others involved with maize 59122 or its transgene products; Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
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-  are audited to ensure the independence and integrity of all monitoring data. 
In addition to the general recommendations on the farmer questionnaire (EFSA, 2011c) and in line 
with its 2011 Scientific Opinion on the annual post-market environmental monitoring report on maize 
MON 810 cultivation in 2009 and 2010 (EFSA, 2011d, 2012), the EFSA GMO Panel advises the 
applicant to take into account the following points: 
-  The sampling frame should be comprehensive and a stratification should be applied consistently 
in  each  country.  Adequate  sampling  should  be  carried  out  from  the  previous  stratification 
exercise; 
-  Cultivation  areas  with  high  uptake  of  maize  59122,  and  where  maize  59122  has  been 
continuously grown in previous years, should be over-represented in the sampling scheme; 
-  The  number  of  farmers  not  participating  in  the  survey  and  the  reasons  thereof  should  be 
documented; 
-  Impartial and standardised interviews should be carried out by independent parties and effective 
quality and auditing procedures should be considered; 
-  Questions  additional  to  the  farmer  questionnaire  should  be  considered  to  better  describe  the 
cultivation of Bt-maize in the local area and/or the previous years, the receiving environments and 
the management systems in which maize 59122 is being grown;   
-  Relevant data as from other sources of information (e.g., official statistics on crop management 
practices)  should/could  be  considered  for  validity  checking  of  the  questionnaires  (e.g., 
consistency, representativeness); 
-  The raw data, programmes, logs and output files related to the statistical analysis of the farmer 
questionnaires  should  be  provided.  Confidence  intervals  for  the  analysis  of  the  monitoring 
characteristics should be included in the statistical report; 
-  Appropriate statistical procedures should be used based on using a distribution for appropriate 
outcomes; 
-  The use of a standard default effect size of 5 % is not relevant to all assessment endpoints and, 
where  scientifically  justified,  different  default  effect  sizes  should  be  considered  for  some 
assessment endpoints; 
-  Data should be pooled and statistically analysed over years. At the end of the ten years of general 
surveillance, the applicant should conduct a statistical analysis with all pooled data; 
-  A codification for farmers repeatedly surveyed over years should be set up. These farmers should 
be monitored in particular; 
-  The number of years the surveyed farmer has grown maize 59122 and other GM plants should be 
indicated. 
The NL CA concluded that ―general surveillance will take place through a predefined format that will 
be provided to the growers and other users of 59122 maize. An example of the format is included in 
Annex VII. This is considered to be sufficient. It is indicated by the applicant that reporting to the EC 
will take place immediately if any adverse effects arising from 59122 maize will be reported. Other 
reporting of results of the case-specific and general surveillance will be according to the requirements 
of  the  consent‖.  The  NL  CA  advised  to  report  results  on  an  annual  basis  (Section 7.2  of  the 
environmental risk assessment report of the NL CA). 
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(2) Existing monitoring networks 
The  EFSA  GMO  Panel  supports  the  consideration  of  additional  information  sources  for  general 
surveillance (EFSA, 2006b, 2011c). Directive 2001/18/EC proposed making use of established routine 
surveillance networks, in order to obtain data on environmental impacts in the landscape where GMOs 
are cultivated from  a  range  of  existing  monitoring networks  which  observe  changes  in  biota  and 
production practices from farm up to regional level. EU Member States have various networks in 
place—some of which have a long history of data collection—that may be helpful in the context of 
general  surveillance  of  GM  plant  cultivations.  Existing  monitoring  networks  involved  in  routine 
surveillance offer recognised expertise in a specific domain and have the tools to capture information 
on important environmental aspects over a large geographical area. The EFSA GMO Panel recognises 
that  existing  monitoring  networks  fully  meeting  all  the  needs  of  the  monitoring  of  GM  plant 
cultivations can be limited (Bühler, 2006; Mönkemeyer et al., 2006; Schmidtke and Schmidt, 2007; 
Graef et al., 2008; Smit et al., 2012). The  development of harmonised criteria for the systematic 
identification, specification and analysis of existing surveillance networks across the EU is therefore 
considered important (EFSA, 2011c). 
The EFSA GMO Panel agrees with the proposal of the applicant to describe the generic approaches for 
using existing monitoring networks. The applicant has also given consideration to the use of any future 
surveys of conservation goals as defined in the Directive 2004/35/EC on environmental liability (EC, 
2004)  in  farming  regions  where  maize  59122  will  be  cultivated  and  intends  to  investigate  their 
suitability for providing data on potential changes in biota.  
Knowing the limitations of existing monitoring networks, it is important to describe the processes and 
criteria that will be used for selecting and evaluating existing monitoring networks for supplying data 
related  to  the  unanticipated  adverse  effects  of  GM  plants  in  general  surveillance.  Therefore,  the 
applicant, in consultation with Member States, should: 
-  consider  the  protection  goals,  the  assessment  endpoints  and  their  indicators  that  could  be 
monitored through existing monitoring programmes; 
-  identify  the  type  of  existing  monitoring  networks  that  would  be  appropriate  to  survey  the 
protection goals considered to be at risk in the countries where maize 59122 will be grown; 
-  describe the generic approach and develop more detailed criteria to evaluate existing monitoring 
networks and how appropriate networks will be selected; 
-  identify what changes need to be made to these monitoring networks and describe how these 
might be implemented, and identify gaps in information that could be filled by additional surveys; 
-  encourage these networks to adopt the proposed modifications and describe how data from these 
networks will be integrated and assessed. 
In  addition,  when  selecting  existing  monitoring  networks  to  be  part  of  general  surveillance,  it  is 
recommended that the applicant considers the following points for assessing the suitability of these 
existing networks to supply relevant general surveillance data: 
-  the  relevance  of  protection  goals  and  their  indicators  monitored  through  existing  monitoring 
networks; 
-  the type (e.g., raw data) and quality of the data recorded; 
-  the statistical power and the effect sizes detected by monitoring networks, where appropriate; Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
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-  the ease of access to the data collected by existing monitoring networks (e.g., availability of data 
via Internet, free access to data or access subject to a fee, protected data of ongoing research 
projects); 
-  the track record and past performance of existing monitoring networks; 
-  the methodology used by existing monitoring networks (e.g., sampling and statistical approach) 
including:  
(1)  the spatial scale of data collection (e.g., local, regional, national, zonal): existing monitoring 
networks  focusing  on  agricultural  areas  cultivated  with  GM  plants  or  with  conventional 
plants such as maize, potato (for which GM plants are also available and grown) should be 
preferred; 
(2)  temporal  scale  of  data  collection: appropriate frequency  of  data  collection  and  reporting 
(e.g., short-term vs. long-term data sets, regularity of data collection); 
(3)  other parameters such as the language of the reports, impartiality. 
Furthermore, the EFSA GMO Panel recommends that the applicant describes arrangements with any 
third parties participating in its general surveillance plan. It is recommended  that consideration is 
given to how arrangements for collecting, collating and analysing data will be made, and descriptions 
are given of how formal agreements, procedures and communication will be established with the 
European Commission and Member States or other third parties, although detailed arrangements may 
not have been agreed at the time of the application. 
The EFSA GMO Panel also recommends including in the sources of information that support general 
surveillance of maize 59122 existing monitoring networks that monitor herbicide usage, botanical 
diversity on farms and the evolution of weed resistance, so that the scientific requirements for the 
detection  of  any  unforeseen  environmental  effects  due  to  altered  farm  management  practices 
associated with maize 59122 cultivation are met. 
(3) Monitoring and review of ongoing research and development, as well as scientific literature 
An additional approach to support general surveillance is to review all new scientific, technical and 
other information pertaining to maize 59122, including information on GM plants with similar traits or 
characteristics, that has emerged during the reporting period. This will include reviewing results from 
ongoing  research  and  development  studies  (i.e.,  variety  registration  trials)  and  all  publications 
including peer-reviewed journal articles, conference proceedings, review papers and any additional 
studies or other sources of information relevant to the cultivation of the plant/trait combination for 
which the report is being drafted (EFSA, 2011c). This approach enables an assessment of whether the 
risk  assessment  conclusions  and  risk  management  recommendations  made  in  the  context  of  the 
original  environmental  risk  assessment  remain  valid  and  applicable  in  the  light  of  new  scientific 
information. 
The EFSA GMO Panel recommends that the applicant: 
-  to  cover  all  relevant  peer-reviewed  publications,  including  peer-reviewed  journal  articles, 
conference proceedings, review papers and any additional studies or other sources of information 
relevant to the cultivation of the plant/trait combination for which the report is being drafted; 
-  to describe the criteria for selecting and evaluating the scientific reliability of publications;  
-  to adhere to systematic literature review methodology to select relevant papers (EFSA, 2010d).  
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(4) Industry stewardship programmes 
The EFSA GMO Panel welcomes the applicant‘s proposal to develop stewardship programmes for the 
introduction, marketing, management and stewardship of maize 59122, because they aim to facilitate 
compliance with risk management conditions, to ensure that maize 59122 is cultivated in a way that 
has similar or less environmental impact compared with conventional crop cultivation, and to ensure 
the sustainable use of the technology. The EFSA GMO Panel advises that these programmes should be 
made available well in advance of the time of commercialisation so as to allow risk managers to 
validate the implementation of proportional risk mitigation measures and detailed monitoring plans. 
6.3.2.3.  Reporting the results of post-market environmental monitoring 
The applicant will submit a report on an annual basis covering case-specific monitoring and general 
surveillance.  In  the  case  of  adverse  effects  altering  the  conclusions  of  the  environmental  risk 
assessment, the applicant will immediately inform the European Commission and Member States. The 
EFSA GMO Panel agrees with the proposal made by the applicant on reporting intervals. The EFSA 
GMO  Panel  recommends  that  effective  reporting  procedures  are  established  with  the  Competent 
Authorities of Member States and the European Commission as required under the Council Decision 
2002/811/EC on monitoring. 
The results  of  post-market  environmental  monitoring  should  be  presented in  accordance  with the 
standard  reporting  formats  established  by  the  2009/770/EC  Commission  Decision  on  standard 
reporting formats. In addition, it is recommended that the applicant provide raw data, in order to allow 
different analyses and interrogation of the data and to allow scientific exchange and co-operation 
between Member States, the European Commission and EFSA. The EFSA GMO Panel recommends 
that  the  applicant  describes  whether  the  post-market  environmental  monitoring  reports  contain 
cumulative analyses of data with previous years‘ results.  
6.3.2.4.  Conclusion on post-market environmental monitoring 
The EFSA GMO Panel gave its opinion and made recommendations on the scientific quality of the 
post-market environmental monitoring plan proposed by the applicant.  
The EFSA GMO Panel agrees with the two-pronged approach proposed by the applicant to detect 
early warning signs indicating increases in tolerance in WCR in the field. This approach consists of: 
(1) measuring the baseline susceptibility of WCR populations to the Cry34Ab1/Cry35Ab1 proteins 
and changes in that susceptibility in the EU; and (2) monitoring of unexpected field damage caused by 
WCR. The EFSA GMO Panel considers these two approaches complementary, because monitoring for 
WCR susceptibility is more likely to detect changes in susceptibility occurring at a broader spatial 
scale  than  reports  of  unexpected  field  damage  that  target  the  detection  of  localised  resistance. 
Acquired data will also contribute to resolving the remaining scientific uncertainties related to the 
appropriateness of the high dose/refuge strategy in delaying resistance evolution in WCR, and allow 
the periodic evaluation of the adequacy and efficacy of  the revised  insect resistance management 
strategy.  
The  case-specific  monitoring  plan  proposed  by  the  applicant  focuses  on  monitoring  resistance 
evolution  to  the  Cry34Ab1/Cry35Ab1  proteins  in  coleopteran  target  pests  only.  To  resolve  the 
remaining  scientific  uncertainties  pertaining  to  the  modelling  predictions  of  resistance  in  WCR 
populations owing to the cultivation of maize 59122, and the potential of the Cry34Ab1/Cry35Ab1 
proteins to accumulate and persist  in soil following subsequent years of continuous maize 59122 
cultivation, the scope of the case-specific monitoring as proposed by the applicant should be extended 
to include additional studies to address these issues too.  
The EFSA GMO Panel accepts the approach of the applicant to general surveillance: (1) to establish 
farmer questionnaires as a reporting format for any on-farm observations of effects associated with the 
cultivation of maize 59122; (2) to use existing monitoring networks that observe changes in biota and Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
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production practices from farm up to regional level to obtain data on environmental impacts in the 
landscape  where  maize  59122  is  cultivated;  (3)  to  review  all  new  scientific,  technical  and  other 
information  pertaining  to  maize  59122;  and  (4)  to  develop  stewardship  programmes  for  the 
introduction, marketing, management and stewardship of maize 59122. However, it requests that its 
recommendations to strengthen general surveillance are implemented. The EFSA GMO Panel agrees 
with the reporting intervals and modalities proposed by the applicant. 
In its evaluation report, the NL CA expressed reservations about the conclusions of the applicant that 
no negative effects were found in one of the two lower-tier studies with the surrogate coccinellid 
species C. maculata. The NL CA noted that ―although laboratory toxicity testing demonstrated a 
possible adverse effect on the growth of C. maculata larvae; in the field no such effect was observed 
on  ladybird  beetles‖.  Nonetheless,  the  NL  CA  was  of  the  opinion  that  ―the  applicant  should 
incorporate  specific  monitoring  for  ladybird  beetles‖  in  the  frame  of  case-specific  monitoring 
(Section 7.1 of the environmental risk assessment report of the NL CA). The EFSA GMO Panel agrees 
that the submitted data show that Cry34Ab1/Cry35Ab1 proteins may be toxic to C. maculata at dose 
levels that exceed field exposure. However, adverse effects were not seen at field dose levels when 
C. maculata  larvae  were  fed  a  mixture  of  natural  prey  and  pollen.  Because  C. maculata  is  not 
indigenous to Europe, the EFSA GMO Panel requested additional data on a representative European 
coccinellid  species.  In  response,  the  applicant  provided  lower-tier  studies  (including  tritrophic 
experiments)  with  the  focal  species  C. septempunctata.  Based  on  the  additional  toxicity  data  and 
estimated worst-case expected environmental concentrations, no hazard to C. septempunctata and no 
risk to coccinellids are expected from exposure to plant-produced Cry34Ab1/Cry35Ab1 proteins or 
maize  59122.  Therefore,  the  EFSA  GMO  Panel  concludes  that  case-specific  monitoring  of 
coccinellids is not necessary.  
With regard to general surveillance, the NL CA concluded that ―general surveillance will take place 
through a predefined format that will be provided to the growers and other users of 59122 maize. An 
example of the format is included in Annex VII. This is considered to be sufficient. It is indicated by 
the applicant that reporting to the EC will take place immediately if any adverse effects arising from 
59122 maize will be reported. Other reporting of results of the case-specific and general surveillance 
will be according to the requirements of the consent‖. The NL CA advised to report results on an 
annual basis (Section 7.2 of the environmental risk assessment report of the NL CA). 
OVERALL CONCLUSIONS AND RECOMMENDATIONS 
The EFSA GMO Panel concludes that maize 59122 is unlikely to have any adverse effect on the 
environment,  except  for  the  possible  resistance  evolution  to  the  Cry34Ab1/Cry35Ab1  proteins  in 
coleopteran target pests. The EFSA GMO Panel recommends the implementation of appropriate and 
diversified insect resistance management strategies and case-specific monitoring to delay and monitor 
the possible evolution of resistance to the Cry34Ab1/Cry35Ab1 proteins in coleopteran target pests, 
respectively.  In  addition,  the  EFSA  GMO  Panel  recommends  revision  of  the  applicant‘s  insect 
resistance management plan and the proposed post-market environmental monitoring plan.  
The remaining non-critical scientific uncertainties pertaining to the modelling predictions of resistance 
in  WCR  populations  owing  to  the  cultivation  of  maize  59122,  and  the  potential  of  the 
Cry34Ab1/Cry35Ab1  proteins  to  accumulate  and  persist  in  soil  following  subsequent  years  of 
continuous  maize  59122  cultivation  are  to  be  resolved  with  data  acquired  during  post-market 
environmental monitoring.  
Although maize 59122 is tolerant to glufosinate-ammonium-based herbicides, the EFSA GMO Panel 
did not assess the potential adverse effects associated with the use of such herbicides on maize 59122, 
as maize 59122 will not be marketed in the EU as a herbicide-tolerant crop.  
This Scientific Opinion also updates the previous EFSA GMO Panel safety evaluation of the food and 
feed uses, and import and processing of maize 59122 and derived products.  Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
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The  EFSA  GMO  Panel  concludes  that  the  information  available  for  maize  59122  addresses  the 
scientific comments raised by Member States and that maize 59122, as described in this application, is 
as  safe  as  its  conventional  counterpart  and  commercial  maize  varieties  with  respect  to  potential 
adverse effects on human and animal health.  
If subjected to appropriate management measures, the cultivation of maize 59122 is unlikely to raise 
safety concerns for the environment. 
DOCUMENTATION PROVIDED TO EFSA 
1.  Letter from the Competent Authority of the Netherlands (NL CA), received on 21 October 2005, 
concerning a request for placing on the market of maize 59122 submitted by Pioneer Overseas 
Corporation in accordance with Regulation (EC) No 1829/2003. 
2.  Acknowledgement letter, dated 10 November 2005, from EFSA to NL CA. 
3.  Letter from EFSA, dated 31 March 2006 selecting the NL CA to perform the initial environmental 
risk assessment (ERA) evaluation of application EFSA-GMO-NL-2005-23. 
4.  Letter from EFSA to applicant, dated 20 November 2006, requesting additional information under 
completeness check.  
5.  Letter from applicant to EFSA, received on 28 November 2006, providing additional information 
under completeness check.  
6.  Letter from EFSA to applicant, dated 10 January 2007, requesting additional information under 
completeness check. 
7.  Letter from applicant to EFSA, received on 26 January 2007, providing additional information 
under completeness check.  
8.  Letter  from  EFSA  to  applicant,  dated  1 March 2007,  requesting  additional  information  under 
completeness check. 
9.  Letter from applicant to EFSA, received on 8 March 2007, providing additional information under 
completeness check.  
10. Letter from EFSA to applicant, dated 9 March 2007, delivering the ‗Statement of Validity‘ of 
application EFSA-GMO-NL-2005-23, maize 59122, submitted by Pioneer Overseas Corporation 
under Regulation (EC) No 1829/2003. 
11. Letter from EFSA/NL CA to applicant, dated 13 March 2007, requesting additional information 
and stopping the clock. 
12. Letter from applicant to EFSA, received on 2 April 2007, providing additional information. 
13. Letter from EFSA to applicant, dated 13 April 2007, re-starting the clock. 
14. Letter from EFSA/NL CA to applicant, dated 30 July 2007, requesting additional information and 
stopping the clock. 
15. Letter from EFSA/NL CA to applicant, dated 8 October 2007, requesting additional information 
and maintaining the clock stopped. 
16. Letter from applicant to EFSA, received on 20 December 2007, providing additional information. Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
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17. Letter from the NL CA delivering the ERA report of application EFSA-GMO-NL-2005-23 to 
EFSA, received on 13 May 2008.  
18. Letter from EFSA to applicant, dated 14 May 2008, re-starting the clock. 
19. Letter  from  EFSA  to  applicant,  dated  29 May 2008,  requesting  additional  information  and 
stopping the clock. 
20. Letter from applicant to EFSA, received on 22 September 2008, providing additional information. 
21. Letter from EFSA to applicant, dated 1 October 2008, requesting additional information. 
22. Letter from applicant to EFSA, received on 8 January 2009, providing additional information. 
23. Letter from EFSA to applicant, dated 13 February 2009, requesting additional information and 
maintaining the clock stopped. 
24. Letter from applicant to EFSA, received on 28 April 2009, providing additional information. 
25. Letter from EFSA to applicant, dated 28 May 2009, requesting additional information. 
26. Letter from applicant to EFSA, received on 27 January 2010, providing additional information. 
27. Letter from applicant to EFSA, received on 11 March 2010, providing additional information. 
28. Letter from applicant to EFSA, received on 18 March 2010, providing additional information. 
29. Letter  from  EFSA  to  applicant,  dated  30 April 2010,  requesting  additional  information  and 
maintaining the clock stopped. 
30. Letter from applicant to EFSA, received on 15 July 2010, requesting clarifications. 
31. Letter from EFSA to applicant, dated 16 September 2010, providing clarifications. 
32. Letter from applicant to EFSA, received on 16 January 2012, providing additional information. 
33. Letter from EFSA to applicant, dated 29 February 2012, requesting additional information and 
maintaining the clock stopped. 
34. Letter from EFSA to applicant, dated 12 July 2012, requesting clarifications. 
35. Letter from applicant to EFSA, received on 1 October 2012, providing clarifications. 
36. Letter from applicant to EFSA, received 2 October 2012, providing additional information. 
37. Letter from EFSA to applicant, dated 9 January 2013, re-starting the clock. 
38. Letter from applicant to EFSA, received on 23 January 2103, providing additional information 
spontaneously. 
39. Letter from applicant to EFSA, received on 11 February 2013, providing additional information 
spontaneously. Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
 
78  EFSA Journal 2013;11(3):3135 
REFERENCES 
Alcalde E, Amijee F, Blache G, Bremer C, Fernandez S, Garcia-Alonso M, Holt K, Legris G, Novillo 
C, Schlotter P, Storer N, Tinland B, 2007. Insect resistance monitoring for Bt maize cultivation in 
the EU: proposal from the industry IRM working group. Journal of Consumer Protection and Food 
Safety, 2(S1), 47–49. 
Alstad  DN,  Andow  DA,  1995.  Managing  the  evolution  of  insect  resistance  to  transgenic  plants. 
Science, 268, 1894–1896. 
Alston JM, Hyde J, Marra MC, Mitchell PD, 2002. An  ex ante analysis of the benefits from the 
adoption of corn rootworm resistant transgenic corn technology. AgBioForum, 5, 71–84. 
Álvarez-Alfageme F, Pálinka Z, Bigler F, Romeis J, 2012. Development of an early-tier laboratory 
bioassay for assessing the impact of orally-active insecticidal compounds on larvae of Coccinella 
septempunctata (Coleoptera: Coccinellidae). Environmental Entomology, 41, 1687–1693. 
Alves A, Vidal S, Thompson S, Dermody O, 2012. Optimization of tools to monitor the development 
of Cry34/35 corn rootworm resistance. IWGO – Newsletter, 32(1), 25. 
Andow  DA,  2008.  The  risk  of  resistance  evolution  in  insects  to  transgenic  insecticidal  crops. 
Collection of Biosafety Reviews, 4, 142–199. 
Andow DA, Alstad DA, 1998. F2 screen for rare resistance alleles. Journal of Economic Entomology, 
91, 572–578. 
Andow  DA,  Ives  AR,  2002.  Monitoring  and  adaptive  resistance  management.  Ecological 
Applications, 12, 1378–1390. 
Andow DA, Alstad DN, 1999. Credibility interval for rare resistance allele frequencies. Journal of 
Economic Entomology, 94, 755–758. 
Andow  DA,  Lövei  GL,  Arpaia  S,  2006.  Ecological  risk  assessment  for  Bt  crops.  Nature 
Biotechnology, 24, 749–751. 
Andow DA, Farrell SL, Hu Y, 2010. Planting patterns of in-field refuges observed for Bt maize in 
Minnesota. Journal of Economic Entomology, 103, 1394–1399. 
Aragón P, Lobo JM, 2012. Predicted effect of climate change on the invasibility and distribution of the 
western corn rootworm. Agricultural and Forest Entomology, 14, 13–18. 
Areal FJ, Riesgo L, Rodríguez-Cerezo E, 2012. Economic and agronomic impact of commercialized 
GM crops: a meta-analysis. The Journal of Agricultural Science, 151, 7–33. 
Arpaia S, 2010. Genetically modified plants and ―non-target‖ organisms: analysing the functioning of 
the agro-ecosystem. Collection of Biosafety Reviews, 5, 12–80. 
Arpaia S, De Cristofaro A, Guerrieri E, Bossi S, Cellini F, Di Leo GM, Germinara GS, Iodice L, 
Maffei ME, Petrozza A, Sasso R, Vitagliano S, 2011. Foraging activity of bumblebees (Bombus 
terrestris L.) on Bt-expressing eggplants. Arthropod-Plant Interactions, 5, 255–261. 
Astini JP, Fonseca A, Clark C, Lizaso J, Grass L, Westgate M, Arritt R, 2009. Predicting outcrossing 
in maize hybrid seed production. Agronomy Journal, 101, 373–380. 
Axelsson EP, Hjältén J, LeRoy CJ, Julkunen-Tiitto R, Wennström A, Pilate G, 2010. Can leaf litter 
from genetically mofidied trees affect aquatic ecosystems? Ecosystems, 13, 1049–1059. 
Axelsson EP, Hjältén J, LeRoy CJ, Whitham TG, Julkunen-Tiitto R, Wennström A, 2011. Leaf litter 
from insect-resistant transgenic trees causes changes in aquatic insect community composition. 
Journal of Applied Ecology, 48, 1472–1479. 
Aylor DE, 2002. Settling speed of corn (Zea mays) pollen. Journal of Aerosol Science, 33, 1599–1605. 
Aylor DE, 2003. Rate of dehydration of corn (Zea mays L.) pollen in the air. Journal of Experimental 
Botany, 54, 2307–2312. Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
 
79  EFSA Journal 2013;11(3):3135 
Aylor DE, 2004. Survival of maize (Zea mays) pollen exposed in the atmosphere. Agricultural and 
Forest Meteorology, 123, 125–133. 
Aylor DE, Schultes NP, Shields EJ, 2003. An aerobiological framework for assessing cross-pollination 
in maize. Agricultural and Forest Meteorology, 119, 111–129. 
Aylor DE, Boehm MT, Shields EJ, 2006. Quantifying aerial concentrations of maize pollen in the 
atmospheric  surface  layer  using  remote-piloted  airplanes  and  lagrangian  stochastic  modeling. 
Journal of Applied Meteorology and Climatology, 45, 1003–1015. 
Bagavathiannan MV, Van Acker RC, 2008. Crop ferality: Implications for novel trait confinement. 
Agriculture, Ecosystems & Environment, 127, 1–6. 
Baker HG, 1974. The evolution of weeds. Annual Review of Ecology Systematics, 5, 1–24. 
Ball  HJ,  Weekman  GT,  1962.  Insecticide  resistance  in  the  western  corn  rootworm  in  Nebraska. 
Journal of Economic Entomology, 55, 439–441. 
Balog A, Szénási A, Szekeres D, Pálinkás Z, 2011. Analysis of soil dwelling rove beetles (Coleoptera: 
Staphylinidae)  in  cultivated  maize  fields  containing  the  Bt  toxins,  Cry34/35Ab1  and  Cry1F  x 
Cry34/35Ab1. Biocontrol Science and Technology, 21, 293–297. 
Bannert  M,  Stamp  P,  2007.  Cross-pollination  of  maize  at  long  distance.  European  Journal  of 
Agronomy, 27, 44–51. 
Bartsch K, Tebbe CC, 1989. Initial steps in the degradation of phosphinothricin (glufosinate) by soil 
bacteria. Applied and Environmental Microbiology, 55, 711–716. 
Barriuso J, Valverde JR, Mellado RP, 2012. Effect of Cry1Ab protein on rhizobacterial communities 
of Bt-maize over a four-year cultivation period. PLoS ONE, 7, e35481. 
Bates SL, Zhao J-Z, Roush RT, Shelton AM, 2005. Insect resistance management in GM crops: past, 
present and future. Nature Biotechnology, 25, 57–62. 
Baumann L, Broadwell AH, Baumann P, 1988. Sequence analysis of the mosquitocidal toxin genes 
encoding 51.4- and 41.9-kilodalton proteins from Bacillus sphaericus 2362 and 2297. Journal of 
Bacteriology, 170, 2045–2050. 
Baumgarte  S,  Tebbe  CC,  2005.  Field  studies  on  the  environmental  fate  of  the  Cry1Ab  Bt-toxin 
produced by transgenic maize (MON810) and its effect on bacterial communities in the maize 
rhizosphere. Molecular Ecology, 14, 2539–2551. 
Beckie HJ, Harker KN, Hall LM, Warwick SI, Légère A, Sikkema PH, Clayton GW, Thomas AG, 
Leeson JY, Seguin-Swartz G, Simard MJ, 2006. A decade of herbicide-resistant crops in Canada. 
Canadian Journal of Plant Science, 86, 1243–1264. 
BEETLE  report,  2009.  Long-term  effects  of  genetically  modified  (GM)  crops  on  health  and  the 
environment  (including  biodiversity):  prioritization  of  potential  risks  and  delimitation  of 
uncertainties.  German  Federal  Office  of  Consumer  Protection  and  Food  Safety,  BLaU-
Umweltstudien  and  Genius  GmbH.  Available  from 
http://www.bvl.bund.de/cln_007/DE/06__Gentechnik/00__doks__downloads/05__Inverkehrbringe
n/beetle__report__2009__long__term__effects,templateId=raw,property=publicationFile.pdf/beetle
_report_2009_long_term_effects.pdf 
Bitocchi E, Nanni L, Rossi M, Rau D, Bellucci E, Giardini A, Buonamici A, Vendramin GG, Papa R, 
2009. Introgression from modern hybrid varieties into landrace populations of maize (Zea mays ssp 
mays L.) in central Italy. Molecular Ecology, 18, 603–621. 
Binning RR, Lefko SA, Millsap AY, Thompson SD, Nowatzki TM, 2010. Estimating Western corn 
rootworm (Coleoptera: Chrysomelidae) larval susceptibility to event DAS-59122–7 maize. Journal 
of Applied Entomology, 134, 551–561. Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
 
80  EFSA Journal 2013;11(3):3135 
Blanco CA, Storer NP, Abel CA, Jackson R, Leonard R, Lopez JD, Payne G, Siegfried BD, Spencer 
T, Terán-Vargas AP, 2008. Baseline susceptibility of tobacco budworm (Lepidoptera: Noctuidae) 
to Cry1F toxin from Bacillus thuringiensis. Journal of Economic Entomology, 101, 168–173. 
Block MD, Botterman J, Vandewiele M, Dockx J, Thoen C, Gosselé V, Movva NR, Thompson C, 
Montagu MV, Leemans J, 1987. Engineering herbicide resistance in plants by expression of a 
detoxifying enzyme. EMBO Journal, 6, 2513–2518. 
Boriani  M,  Agosti  M,  Kiss  J,  Edwards  CR,  2006.  Sustainable  management  of  the  Western  corn 
rootworm, Diabrotica virgifera virgifera LeConte (Coleoptera: Chrysomelidae), in infested areas: 
experiences in Italy, Hungary and the USA. EPPO Bulletin, 36, 531–537. 
Bourguet D, Desquilbet M, Lemarié S, 2005. Regulating insect resistance management: the case of 
non-Bt corn refuges in the US. Journal of Environmental Management, 76, 210–220. 
Bravo A, Soberón M, 2008. How to cope with insect resistance to Bt toxins? Trends in Biotechnology, 
26, 573–579. 
Bravo A, Gómez I, Porta H, García-Gómez BI, Rodriguez-Almazan C, Pardo L, Soberón M, 2012. 
Evolution of Bacillus thuringiensis Cry toxins insecticidal activity. Microbial Biotechnology, 6, 
17–26. 
Breitenbach S, Heimbach U, Lauer KF, 2005. Field tests on the host range of the larvae of the western 
corn  rootworm  (Diabrotica  virgifera  virgifera  LeConte  1868,  Chrysomelidae,  Coleoptera). 
Nachrichtenblatt des Deutschen Pflanzenschutzdienstes, 57, 241–244. 
Brigulla M, Wackernagel W, 2010. Molecular aspects of gene transfer and foreign DNA acquisition in 
prokaryotes with regard to safety issues. Applied Microbiology and Biotechnology, 86, 1027–1041. 
Brouk MJ, Cvetkovic B, Rice DW, Smith BL, Hinds MA, Owens FN, Iiams C, Sauber TE, 2011. 
Performance  of  lactating  dairy  cows  fed  corn  as  whole  plant  silage  and  grain  produced  from 
genetically  modified  corn  containing  event  DAS-59122-7  compared  to  a  non-transgenic,  near-
isogenic control. Journal of Dairy Science, 94, 1961–1966. 
Bühler C, 2006. Biodiversity monitoring in Switzerland: what can we learn for general surveillance of 
GM crops? Journal of Consumer Protection and Food Safety, 1, 37–41. 
Caprio MA, Tabashnik BE, 1992. Gene flow accelerates local adaptation among finite populations: 
simulating the evolution of insecticide resistance. Journal of Economic Entomology, 85, 611–620. 
Carpenter JE, 2010. Peer-reviewed surveys indicate positive impact of commercialized crops. Nature 
Biotechnology, 28, 319–321. 
Carrasco LR, Harwood TD, Toepfer S, MacLeod A, Levay N, Kiss J, Baker RHA, Mumford JD, 
Knight  JD,  2009.  Dispersal  kernels  of  the  invasive  alien  Western  corn  rootworm  and  the 
effectiveness of buffer zones in eradication programmes in Europe. Annals of Applied Biology, 
156, 63–77. 
Carrière  Y,  Tabashnik  BE,  2001.  Reversing  insect  adaptation  to  transgenic  insecticidal  plants. 
Proceedings of the Royal Society: Biological Sciences, 268, 1475–1480. 
Carrière Y, Crowder DW, Tabashnik BE, 2010. Evolutionary ecology of insect adaptation to Bt crops. 
Evolutionary Applications, 3, 561–573. 
Carrière Y, Ellers-Kirk C, Harthfield K, Larocque G, Degain B, Dutilleul P, Dennehy TJ, Marsh SE, 
Crowder DW, Li X, Ellsworth PC, Naranjo SE, Palumbo JC, Fournier A, Antilla L, Tabashnik BE, 
2012. Large-scale, spatially explicit test of the refuge strategy for delaying insecticide resistance. 
Proceedings of the National Academy of Sciences of the United States of America, 109, 775–780. 
Carstens K, Anderson J, Bachman B, De Schrijver A, Dively G, Federici B, Hamer M, Gielkins M, 
Jensen P, Lamp W, Rauschen S, Ridley G, Romeis J, Waggoner A. 2012. Genetically modified 
crops and aquatic ecosystems: considerations for environmental risk assessment and non-target 
organism testing. Transgenic Research, 21, 813–842. Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
 
81  EFSA Journal 2013;11(3):3135 
Ceccherini  MT,  Poté  J,  Kay  E,  Van  VT,  Marechal  J,  Pietramellara  G,  Nannipieri  P,  Vogel  TM, 
Simonet P, 2003. Degradation and transformability of DNA from transgenic leaves. Applied and 
Environmental Microbiology, 69, 673–678. 
CERA, 2011. A review of the environmental safety of the PAT protein, Center for Environmental Risk 
Assessment  (CERA),  ILSI  Research  Foundation,  Washington  DC.  Available  from  http://cera-
gmc.org/docs/protein_monographs/pat_en.pdf 
CERA, 2013. A review of the environmental safety of the Cry34Ab1 and Cry35Ab1 proteins, Center 
for  Environmental  Risk  Assessment  (CERA),  ILSI  Research  Foundation,  Washington  DC. 
Available from http://www.ilsi.org/ResearchFoundation/Publications/Cry3435-monograph.pdf 
Chambers PA, Duggan PS, Heritage J, Forbes JM, 2002. The fate of antibiotic resistance marker genes 
in transgenic plant feed material fed to chickens. Journal of Antimicrobial Chemotherapy, 49, 161–
164. 
Chambers CP, Whiles MR, Rosi-Marshall EJ, Tank JL, Royer TV, Griffiths NA, Evans-White MA, 
Stojak AR, 2010. Responses of stream macroinvertebrates to Bt maize leaf detritus. Ecological 
Applications, 20, 1949–1960. 
Charles JF, Silva-Filha MH, Nielsen-LeRoux C, Humphreys MJ, Berry C, 1997. Binding of the 51- 
and 42-kDa individual components from the Bacillus sphaericus crystal toxin to mosquito larval 
midgut  membranes  from  Culex  and  Anopheles  sp.  (Diptera:  Culicidae).  FEMS  Microbiology, 
Letters 156, 153–159. 
Chege PG, Clark TL, Hibbard BE, 2005. Alternate host phenology affects survivorship, growth and 
development  of  Western  corn  rootworm  (Coleoptera:  Chrysomelidae)  larval  biology. 
Environmental Entomology, 34, 1441–1447. 
Chege PG, Clark TL, Hibbard BE, 2009. Initial larval feeding on an alternate host enhances Western 
corn  rootworm  (Coleoptera:  Chrysomelidae)  beetle  emergence  on  Cry3Bb1-expressing  maize. 
Journal of the Kansas Entomological Society, 82, 63–75. 
Ciosi M, Miller NJ, Kim KS, Giordano R, Estoup A, Guillemaud T, 2008. Invasion of Europe by the 
Western corn rootworm, Diabrotica virgifera virgifera: multiple transatlantic introductions with 
various reductions of genetic diversity. Molecular Ecology, 17, 3614–3627.  
Ciosi M, Miller NJ, Toepfer S, Estoup A, Guillemaud T, 2011. Stratified dispersal and increasing 
genetic variation during the invasion of Central Europe by the western corn rootworm, Diabrotica 
virgifera virgifera. Evolutionary Applications, 4, 54–70. 
Clark BW, Coats JR, 2006. Subacute effects of Cry1Ab Bt corn litter on the earthworm Eisenia fetida 
and the springtail Folsomia candida. Environmental Entomology, 35, 1121–1129. 
Clark  TL,  Hibbard  BE,  2004.  Comparison  of  nonmaize  hosts  to  support  Western corn rootworm 
(Coleoptera: Chrysomelidae) larval biology. Environmental Entomology, 33, 681–689. 
Coats SA, Tollefson JJ, Mutchmor JA, 1986. Study of migratory flight in the Western corn rootworm. 
Environmental Entomology, 15, 1–6. 
Coats SA, Mutchmor JA, Tollefson JJ, 1987. Regulation of migratory flight by juvenile hormone 
mimic and inhibitor in the western corn rootworm (Coleoptera: Chrysomelidae). Annals of the 
Entomological Society of America, 80, 697–708. 
Crickmore N, Zeigler DR, Schnepf E, Van Rie J, Lereclus D, Baum J, Bravo A, Dean DH, 2013. 
Bacillus  thuringiensis  toxin  nomenclature.  Available  from 
http://www.lifesci.sussex.ac.uk/home/Neil_Crickmore/Bt/ 
Crowder DW, Onstad DW, 2005. Using a generational time-step model to simulate the dynamics of 
adaptation  to  transgenic  corn  and  crop  rotation  by  Western  corn  rootworm  (Coleoptera: 
Chrysomelidae). Journal of Economic Entomology, 98, 518–533. Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
 
82  EFSA Journal 2013;11(3):3135 
Crowder DW, Carrière Y, 2009. Comparing the refuge strategy for managing the evolution of insect 
resistance under different reproductive strategies. Journal of Theoretical Biology, 261, 423–430. 
Crowder  DW,  Onstad  DW,  Gray  ME,  Pierce  CMF,  Hagar  AG,  Ratcliffe  ST,  Steffey  KL,  2005. 
Analysis  of  the  dynamics  of  adaptation  to  transgenic  corn  and  crop  rotation  by  western  corn 
rootworm  (Coleoptera:  Chrysomelidae)  using  a  daily  time-step  model.  Journal  of  Economic 
Entomology, 98, 534–551. 
Crowder DW, Onstad DW, Gray ME, 2006. Planting transgenic insecticidal corn based on economic 
thresholds:  consequences  for  integrated  pest  management  and  insect  resistance  management. 
Journal of Economic Entomology, 99, 899–907. 
Cummins KW, Wilzbach MA, Gates DM, Perry JB, Taliaferro WB, 1989. Shredders and riparian 
vegetation. BioScience, 39, 24–30. 
Curry JP, Schmidt O, 2006. The feeding ecology of earthworms—a review. Pedobiologia, 50, 463–
477. 
Czarnak-Klos M, Rodríguez-Cerezo E, 2010. Best practice documents for coexistence of genetically 
modified  crops  with  conventional  and  organic  farming.  1.  Maize  crop  production.  European 
Coexistence  Bureau  (ECoB)  report.  Available  from 
http://ecob.jrc.ec.europa.eu/documents/Maize.pdf 
Daly T, Buntin GD, 2005. Effect of Bacillus thuringiensis transgenic corn for lepidopteran control on 
nontarget arthropods. Environmental Entomology, 34, 1292–1301. 
Davis VM, Marquardt PT, Johnson WG, 2008. Volunteer corn in northern Indiana soybean correlates 
to glyphosate-resistant corn adoption. Crop Management, DOI: CM-2008-0721-2001-BR. 
de Vries J, Heine M, Harms K, Wackernagel W, 2003. Spread of recombinant DNA by roots and 
pollen  of  transgenic  potato  plants,  identified  by  highly  specific  biomonitoring  using  natural 
transformation of an Acinetobacter sp. Applied and Environmental Microbiology, 69, 4455–4462. 
Deen W, Hamill A, Shropshire C, Soltani N, Sikkema PH, 2006. Control of volunteer glyphosate-
resistant corn (Zea mays) in glyphosate-resistant soybean (Glycine max). Weed Technology, 20, 
261–266. 
Delage S, Brunet Y, Dupont S, Tulet P, Pinty J-P, Lac C, Escobar J, 2007. Atmospheric dispersal of 
maize pollen over the Aquitaine region. In: Stein AJ, Rodríguez-Cerezo E (eds), Book of abstracts 
of the Third International Conference on Coexistence between Genetically Modified (GM) and 
non-GM-based Agricultural Supply Chains. European Commission, pp. 302–303. 
Desneux N, Ramírez-Romero R, Bokonon-Ganta AH, Bernal JS, 2010. Attraction of the parasitoid 
Cotesia  marginiventris  to  host  (Spodoptera  frugiperla)  frass  is  affected  by  transgenic  maize. 
Ecotoxicology, 19, 1183–1192. 
Devare MH, Jones CM, Thies JE, 2004. Effect of Cry3Bb transgenic corn and tefluthrin on the soil 
microbial community: biomass, activity and diversity. Journal of Environmental Quality, 33, 837–
843. 
Devare MH, Londoño-R LM, Thies JE, 2007. Neither transgenic Bt maize (MON863) nor tefluthrin 
insecticide  affect  soil  microbial  activity  or  biomass:  a  3-year  field  analysis.  Soil  Biology  & 
Biochemistry, 39, 2038–2047. 
Devos Y, Reheul D, De Schrijver A, 2005. The co-existence between transgenic and non-transgenic 
maize  in  the  European  Union:  a  focus  on  pollen  flow  and  cross-fertilization.  Environmental 
Biosafety Research, 4, 71–87. 
Devos Y, De Schrijver A, Reheul D, 2009a. Quantifying the introgressive hybridisation propensity 
between  transgenic  oilseed  rape  and  its  wild/weedy  relatives.  Environmental  Monitoring  and 
Assessment, 149, 303–322. Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
 
83  EFSA Journal 2013;11(3):3135 
Devos Y, Demont M, Dillen K, Reheul D, Kaiser M, Sanvido O, 2009b. Coexistence of genetically 
modified (GM) and non-GM crops in the European Union. A review. Agronomy for Sustainable 
Development, 29, 11–30. 
Devos  Y,  De  Schrijver  A,  De  Clercq  P,  Kiss  J,  Romeis  J,  2012.  Bt-maize  event  MON 88017 
expressing Cry3Bb1 does not cause harm to non-target organisms. Transgenic Research, 21, 1191–
1214. 
Devos  Y,  Meihls  LN,  Kiss  J,  Hibbard  BN,  2013.  Resistance  evolution  to  the  first  generation  of 
genetically modified Diabrotica-active Bt-maize events by western corn rootworm: management 
and monitoring considerations. Transgenic Research, 22, 269–299. 
Didden W, 1993. Ecology of terrestrial enchytraeidae. Pedobiologia, 37, 2–29. 
Digiovanni F, Kevan PG, Nasr ME, 1995. The variability in settling velocities of some pollen and 
spores. Grana, 34, 39–44. 
Dively GP, Rose R, Sears MK, Hellmich RL, Stanley-Horn DE, Calvin DD, Russo JM, Anderson PL, 
2004. Effects on monarch butterfly larvae (Lepidoptera: Danaidae) after continuous exposure to 
Cry1Ab-expressing corn during anthesis. Environmental Entomology, 33, 1116–1125. 
Douville  M,  Gagné  F,  Masson  L,  McKay  J,  Blaise  C,  2005.  Tracking  the  source  of  Bacillus 
thuringiensis Cry1Ab endotoxin in the environment. Biochemical Systematics and Ecology, 33, 
219–232. 
Douville M, Gagné F, Blaise C, André C, 2007. Occurrence and persistence of Bacillus thuringiensis 
(Bt)  and  transgenic  Bt  corn  cry1Ab  gene  from  an  aquatic  environment.  Ecotoxicology  and 
Environmental Safety, 66, 195–203. 
Duggan PS, Chambers, PA, Heritage, J, Forbes, JM, 2000. Survival of free DNA encoding antibiotic 
resistance from transgenic maize and the transformation activity of DNA in ovine saliva, ovine 
rumen fluid and silage effluent. FEMS Microbiology Letters, 191, 71–77. 
Duggan PS, Chambers, PA, Heritage, J, Forbes, JM, 2003. Fate of genetically modified maize DNA in 
the oral cavity and rumen of sheep. British Journal of Nutrition, 89, 159–166. 
Dun Z, Mitchell PD, Agosti M, 2010. Estimating Diabrotica virgifera virgifera damage functions with 
field trial data: applying an unbalanced nested error component. Journal of Applied Entomology, 
134, 409–419. 
Dutton A, Klein H, Romeis J, Bigler F, 2002. Uptake of Bt-toxin by herbivores feeding on transgenic 
maize and consequences for the predator Chrysoperla carnea. Ecological Entomology, 27, 441–
447. 
Eastham K, Sweet J, 2002. Genetically modified organisms (GMOs): the significance of gene flow 
through  pollen  transfer.  European  Environment  Agency.  Available  from 
http://reports.eea.eu.int/environmental_issue_report_2002_28/en/GMOs%20for%20www.pdf 
EC, 2012. Survey results for the presence of Diabrotica virgifera Le Conte in the European Union in 
2011. Report from the Health & Consumers Directorate-General of the European Commission 
(Reference: Ares(2012)564532 - 08/05/2012). 
Eckert  J,  Schuphan  I,  Hothorn  LA,  Gathmann  A,  2006.  Arthropods  on  maize  ears  for  detecting 
impacts of Bt maize on nontarget organisms. Environmental Entomology, 35, 554–560. 
EFSA, 2006a. Guidance Document of the Scientific Panel on Genetically Modified Organisms for the 
risk assessment of genetically modified plants and derived food and feed. The EFSA Journal, 99, 
1–100.  Available  from 
http://www.efsa.europa.eu/cs/BlobServer/Scientific_Document/gmo_guidance_gm_plants_en.pdf 
EFSA, 2006b. Opinion of the Scientific Panel on Genetically Modified Organisms on the Post Market 
Environmental Monitoring (PMEM) of genetically modified plants. The EFSA Journal 319, 1–27, 
http://www.efsa.europa.eu/cs/BlobServer/Scientific_Opinion/gmo_op_ej319_pmem_en,0.pdf Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
 
84  EFSA Journal 2013;11(3):3135 
EFSA,  2007.  Opinion  of  the  Scientific  Panel  on  genetically  modified  organisms  [GMO]on  an 
application (Reference EFSA-GMO-NL-2005–12) for the placing on the market of insect-resistant 
genetically modified maize 59122, for food and feed uses, import and processing under Regulation 
(EC)  No  1829/2003,  from  Pioneer  Hi-Bred  International,  Inc.  and  Mycogen  Seeds,  c/o  Dow 
Agrosciences  LLC.  The  EFSA  Journal,  470,  1–25.  Available  from 
http://www.efsa.europa.eu/en/efsajournal/doc/470.pdf 
EFSA, 2008a. Scientific Opinion of the Panel on Genetically Modified Organisms on a request from 
Pioneer Hi-Bred International on the authorisation for the placing on the market of the insect-
resistant and herbicide-tolerant genetically modified maize 59122 x NK603, for food and feed uses, 
and import and processing under Regulation (EC) No 1829/2003. The EFSA Journal, 874, 1–34. 
Available from http://www.efsa.europa.eu/en/efsajournal/doc/874.pdf 
EFSA,  2008b.  Environmental  risk  assessment  of  genetically  modified  plants  --  challenges  and 
approaches. EFSA Scientific Colloquium Series 8, June 2007. European Food Safety Authority, 
Brussels. Available from http://www.efsa.europa.eu/en/colloquiareports/colloquiagmoera.htm 
EFSA, 2009a. Opinion of the Scientific Panel on Genetically Modified Organisms on an application 
(Reference EFSA-GMO-NL-2005–15) for the placing on the market of the insect-resistant and 
herbicide-tolerant genetically modified maize 1507 x 59122, for food and feed uses, import and 
processing under Regulation (EC) No 1829/2003 from Mycogen Seeds, c/o Dow AgroSciences 
LLC and Pioneer Hi-Bred International, Inc. as represented by Pioneer Overseas Corporation. The 
EFSA Journal, 1074, 1–28. Available from http://www.efsa.europa.eu/en/efsajournal/doc/1074.pdf 
EFSA, 2009b. Scientific Opinion of the Panel on Genetically Modified Organisms on an application 
(Reference  EFSA-GMO-UK-2005–21)  for  the  placing  on  the  market  of  insect-resistant  and 
herbicide-tolerant genetically modified maize 59122 x 1507 x NK603 for food and feed uses, and 
import and processing under Regulation (EC) No 1829/2003 from Pioneer Hi-Bred International, 
Inc..  The  EFSA  Journal,  1050,  1–32.  Available  from 
http://www.efsa.europa.eu/en/efsajournal/doc/1050.pdf 
EFSA, 2009c. Statement of EFSA on the consolidated presentation of the joint Scientific Opinion of 
the  GMO  and  BIOHAZ  Panels  on  the  ―use  of  antibiotic  resistance  genes  as  marker  genes  in 
genetically modified plants‖ and the Scientific Opinion of the GMO Panel on ―consequences of the 
opinion on the use of antibiotic resistance genes as marker genes in genetically modified plants on 
previous EFSA assessments of individual GM plants‖. The EFSA Journal, 1108, 1–8. Available 
from  http://www.efsa.europa.eu/EFSA/ScientificPanels/GMO/efsa_locale-
1178620753812_Statements456.htm 
EFSA, 2010a. Scientific Opinion on application (EFSA-GMO-CZ-2008–62) for the placing on the 
market of insect resistant and herbicide tolerant genetically modified maize MON 89034   1507   
MON 88017   59122 and all sub-combinations of the individual events as present in its segregating 
progeny, for food and feed uses, import and processing under Regulation (EC) No 1829/2003 from 
Dow  AgroSciences  and  Monsanto.  EFSA  Journal,  8,  1–37  [1781].  Available  from 
http://www.efsa.europa.eu/en/efsajournal/doc/1781.pdf 
EFSA, 2010b. Scientific Opinion on the assessment of potential impacts of genetically modified plants 
on  non-target  organisms.  EFSA  Journal,  8,  1–72  [1877].  Available  from 
http://www.efsa.europa.eu/en/efsajournal/doc/1877.pdf 
EFSA, 2010c. Guidance on the environmental risk assessment of genetically modified plants. EFSA 
Journal, 8, 1–111 [1879]. Available from http://www.efsa.europa.eu/en/efsajournal/doc/1879.pdf 
EFSA, 2010d. Guidance on the application of systematic review methodology to food and feed safety 
assessments  to  support  decision  making.  EFSA  Journal,  8,  1–90  [1637].  Available  from 
http://www.efsa.europa.eu/en/scdocs/doc/1637.pdf 
EFSA, 2011a. Guidance on selection of comparators for the risk assessment of genetically modified 
plants.  EFSA  Journal,  9,  1–37  [2150].  Available  from 
http://www.efsa.europa.eu/en/efsajournal/doc/2150.pdf Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
 
85  EFSA Journal 2013;11(3):3135 
EFSA, 2011b. Guidance for the risk assessment of food and feed from genetically modified plants. 
EFSA  Journal,  9,  1–54  [2193].  Available  from 
http://www.efsa.europa.eu/en/efsajournal/doc/2193.pdf 
EFSA,  2011c.  Guidance  on  the  post-market  environmental  monitoring  (PMEM)  of  genetically 
modified  plants.  EFSA  Journal,  9,  1–40  [2316].  Available  from 
http://www.efsa.europa.eu/en/efsajournal/doc/2316.pdf 
EFSA,  2011d.  Scientific  Opinion  on  the  annual  Post-Market  Environmental  Monitoring  (PMEM) 
report from Monsanto Europe S.A. on the cultivation of genetically modified maize MON810 in 
2009.  EFSA  Journal,  9,  1–66  [2376].  Available  from 
http://www.efsa.europa.eu/en/efsajournal/doc/2376.pdf 
EFSA, 2011e. Statement complementing the EFSA GMO Panel Scientific Opinion on maize MON 
89034   1507   MON 88017   59122 (application EFSA-GMO-CZ-2008–62), to cover all sub-
combinations  independently  of  their  origin.  EFSA  Journal,  9,  1–8  [2399].  Available  from 
http://www.efsa.europa.eu/en/efsajournal/doc/2399.pdf 
EFSA, 2012. Scientific Opinion on the annual Post-Market Environmental Monitoring (PMEM) report 
from Monsanto Europe S.A. on the cultivation of genetically modified maize MON 810 in 2010. 
EFSA  Journal,  10,  1–35  [2610].  Available  from 
http://www.efsa.europa.eu/en/efsajournal/doc/2610.pdf 
Ellis RT, Stockhoff BA, Stamp L, Schnepf HE, Schwab GE, Knuth M, Russell J, Cardineau GA, 
Narva KE, 2002. Novel Bacillus thuringiensis binary insecticidal crystal proteins active on western 
corn rootworm, Diabrotica virgifera virgifera LeConte. Applied and Environmental Microbiology, 
68, 1137–1145. 
Fang M, Kremer RJ, Motavalli PP, Davis G, 2005. Bacterial diversity in rhizosphere of nontransgenic 
and transgenic corn. Applied Environmental Microbiology, 71, 4132–4136. 
Fang  M,  Motavalli  PP,  Kremer  RJ,  Nelson  KA,  2007.  Assessing  changes  in  soil  microbial 
communities and carbon mineralieation in Bt and non-Bt corn residue-amended soils. Applied Soil 
Ecology, 37, 150–160. 
Farinós GP, de la Poza M, Hernández-Crespo P, Ortego F, Castañera P, 2004. Resistance monitoring 
of field populations of the corn borers Sesamia nonagrioides and Ostrinia nubilalis after 5 years of 
Bt maize cultivation in Spain. Entomologia Experimentalis et Applicata, 110, 23–30. 
Farinós GP, Andreadis SS, de la Poza M, Mironidis GK, Ortego F, Savopoulou-Soultani M, Castañera 
P, 2011. Comparative assessment of the field-susceptibility of Sesamia nonagrioides to the Cry1Ab 
toxin in areas with different adoption rates of Bt maize and in Bt-free areas. Crop Protection, 30, 
902–906. 
Farinós GP, de la Poza M, Ortego F, Castañera P, 2012. Susceptibility to the Cry1F toxin of field 
populations of Sesamia nonagrioides (Lepidoptera: Noctuidae) in mediterranean maize cultivation 
regions. Journal of Economic Entomology, 105, 214–221. 
FCEC, 2009. Analysis of the economic, social and environmental impacts of options for the long-term 
EU strategy against Diabrotica virgifera virgifera (Western Corn Rootworm), a regulated harmful 
organism  of  maize.  Available  from 
http://ec.europa.eu/food/plant/organisms/emergency/final_report_Diabrotica_study.pdf 
Feng PCC, CaJacob CA, Martino-Catt SJ, Cerny RE, Elmore GA, Heck GR, Huang J, Kruger WM, 
Malven  M,  Miklos  JA,  Padgette  SR,  2010.  Glyphosate-resistant  crops:  developing  the  next 
generation  products.  In:  Nandula  VK  (ed),  Glyphosate  resistance in  crops  and  weeds:  history, 
development, and management. John Wiley & Sons, Inc., New York, pp. 45–65. 
Fernie AR, Tadmor Y, Zamir D, 2006. Natural genetic variation improving crop quality. Current 
Opinion in Plant Biology, 9, 196–202. Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
 
86  EFSA Journal 2013;11(3):3135 
Filion M, 2008. Do transgenic plants affect rhizobacteria populations? Microbial Biotechnology, 1, 
463–475. 
Fließbach A, Messmer M, Nietlispach B, Infante V, Mäder P, 2012. Effects of conventionally bred 
and Bacillus thuringiensis (Bt) maize varieties on soil microbial biomass and activity. Biology and 
Fertility of Soils, 48, 315–324. 
Flores S, Saxena D, Stotzky G, 2005. Transgenic Bt plants decompose less in soil than non-Bt plants. 
Soil Biology & Biochemistry, 37, 1073–1082. 
Garcia-Alonso  M,  2010. Current  challenges  in  environmental risk  assessment:  The  assessment  of 
unintended effects of GM crops on non-target organisms. IOBC/wprs Bulletin, 52, 57–63. 
Garcia-Alonso M, Jacobs E, Raybould A, Nickson TE, Sowig P, Willekens H, Van der Kouwe P, 
Layton R, Amijee F, Fuentes AM, Tencalla F, 2006. A tiered system for assessing the risk of 
genetically modified plants to non-target organisms. Environmental Biosafety Research, 5, 57–65. 
Gaspers C, Siegfried BD, Spencer T, Alves AP, Storer NP, Schuphan I, Eber S, 2011. Susceptibility of 
European and North American populations of the European corn borer to the Cry1F insecticidal 
protein. Journal of Applied Entomology, 135, 7–16. 
Gassmann AJ, 2012. Field-evolved resistance to Bt maize by western corn rootworm: Predictions from 
the laboratory and effects in the field. Journal of Invertebrate Pathology, 110, 287–293. 
Gassmann AJ, Hutchison WD, 2012. Bt crops and insect pests: past successes, future challenges and 
opportunities. GM Crops & Food: Biotechnology in Agriculture and the Food Chain, 3, 139. 
Gassmann  AJ,  Carrière  Y,  Tabashnik  BE,  2009.  Fitness  costs  of  insect  resistance  to  Bacillus 
thuringiensis. Annual Review of Entomology, 54, 147–163. 
Gassmann AJ, Petzold-Maxwell JL, Keweshan RS, Dunbar MW, 2011. Fied-evolved resistance to Bt 
maize by Western corn rootworm. PLoS ONE, 6, e22629.  
Gassmann AJ, Petzold-Maxwell JL, Keweshan RS, Dunbar MW, 2012. Western corn rootworm and 
Bt  maize:  challenges  of  pest  resistance  in  the  field.  GM  Crops  &  Food:  Biotechnology  in 
Agriculture and the Food Chain, 3, 235–244. 
Gathmann A, Wirooks L, Hothhorn LA, Bartsch D, Schuphan I, 2006. Impact of Bt-maize pollen 
(MON810) on lepidopteran larvae living on accompanying weeds. Molecular Ecology, 15, 2677–
2685. 
Glaser JA, Matten SR, 2003. Sustainability of insect resistance management strategies for transgenic 
Bt corn. Biotechnology Advances, 22, 45–69.  
Glaum PR, Ives AR, Andow DA, 2012. Contamination and management of resistance evolution to 
high-dose transgenic insecticidal crops. Theoretical Ecology, 5, 195–209. 
Goldstein JA, Mason CE, Pesek J, 2010. Dispersal and movement behavior of neonate European corn 
borer  (Lepidoptera:  Crambidae)  on  non-Bt  and  transgenic  Bt  corn.  Journal  of  Economic 
Entomology, 103, 331–339. 
Gould  F,  1998.  Sustainability  of  transgenic  insecticidal  cultivars:  integrating  pest  genetics  and 
ecology. Annual Review of Entomology, 43, 701–726. 
Gould F, 2003. Bt-resistance management – theory meets data. Nature Biotechnology, 21, 1450–1451. 
Gould F, Cohen MB, Bentur JS, Kennedy GG, Van Duyn J, 2006. Impact of small fitness costs on pest 
adaptation  to  crop  varieties  with  multiple  toxins:  a  heuristic  model.  Journal  of  Economic 
Entomology, 99, 2091–2099. 
Graef F, De Schrijver A, Murray A, 2008. GMO monitoring data coordination and harmonisation at 
EU  level  –  outcomes  of  the  European  Commission  Working  Group  on  Guidance  Notes 
supplementing Annex VII of Directive 2001/18/EC. Journal of Consumer Protection and Food 
Safety, 3, 17–20. Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
 
87  EFSA Journal 2013;11(3):3135 
Gray ME, 2011a. Severe root damage to Bt corn observed in northwestern Illinois. The Bulletin, 20. 
Available from http://bulletin.ipm.illinois.edu/article.php?id=1555 
Gray ME, 2011b. Additional reports of severe rootworm damage to Bt corn received: questions and 
answers. The Bulletin, 22. Available from http://bulletin.ipm.illinois.edu/article.php?id=1569 
Gray ME, 2011c. Corn rootworm damage to Bt corn: should we expect more reports next year? The 
Bulletin, 24. Available from http://bulletin.ipm.illinois.edu/article.php?id=1584 
Gray  ME,  Steffey  KL,  Estes  RE,  Schroeder JB,  2007.  Responses  of  transgenic  maize  hybrids  to 
variant Western corn rootworm larval injury. Journal of Applied Entomology, 131, 386–390. 
Gray ME, Sappington TW, Miller NJ, Moeser J, Bohn MO, 2009. Adaptation and invasiveness of 
Western corn rootworm: intensifying research on a worsening pest. Annual Review of Entomology, 
54, 303–321. 
Green  JM,  Castle  LA,  2010.  Transitioning  from  single  to  multiple  herbicide-resistant  crops.  In: 
Nandula  VK  (ed),  Glyphosate  Resistance  in  Crops  and  Weeds:  History,  Development,  and 
Management. John Wiley & Sons, Inc., New York, pp. 67–91. 
Green  JM,  Owen  MDK,  2011.  Herbicide-resistant  crops:  utilities  and  limitations  for  herbicide-
resistant weed management. Journal of Agricultural and Food Chemistry, 59, 5819–5829. 
Griffiths BS, Caul S, Thompson J, Birch ANE, Scrimgeour C, Andersen MN, Cortet J, Messéan A, 
Sausse  C,  Lacroix  B,  Krogh  PH,  2005.  A  comparison  of  soil  microbial  community  structure, 
protozoa, and nematodes in field plots of conventional and genetically modified maize expressing 
the Bacillus thuringiensis Cry1Ab toxin. Plant and Soil, 275, 135–146. 
Griffiths BS, Caul S, Thompson J, Birch ANE, Scrimgeour C, Cortet J, Foggo A, Hackett CA, Krogh 
PH, 2006. Soil microbial and faunal community responses to Bt-maize and insecticide in two soils. 
Journal of Environmental Quality, 35, 734–741. 
Griffiths BS, Caul S, Thompson J, Birch ANE, Cortet J, Andersen MN, Krogh PH, 2007a. Microbial 
and  microfaunal  community  structure  in  cropping  systems  with  genetically  modified  plants. 
Pedobiologia, 51, 195–206. 
Griffiths BS, Heckmann LH, Caul S, Thompson J, Scrimgeour C, Krogh PH, 2007b. Varietal effects 
of eight paired lines of transgenic Bt maize and near-isogenic non-Bt maize on soil microbial and 
nematode community structure. Plant Biotechnology Journal, 5, 60–68. 
Gruber H, Paul V, Meyer HHD, Müller M, 2012. Determination of insecticidal Cry1Ab protein in soil 
collected in the final growing seasons of a nine-year field trial of Bt-maize MON810. Transgenic 
Research, 21, 77–88. 
Gruber S, Colbach N, Barbottin A, Pekrun C, 2008. Post-harvest gene escape and approaches for 
minimizing  it.  CAB  Reviews:  Perspectives  in  Agriculture,  Veterinary  Science,  Nutrition  and 
Natural Resources, 3, 1–17. 
Gulden RH, Lerat S, Blackshaw RE, Powell JR, Levy-Booth DJ, Dunfield KE, Trevors JT, Pauls KP, 
Klironomos JN, Swanton CJ, 2008. Factors affecting the presence and persistence of plant DNA in 
the soil environment in corn and soybean rotation. Weed Science, 56, 767–774. 
Gutiérrez-Marcos JF, Dal Prà M, Giulini A, Costa LM, Gavazzi G, Cordelier S, Sellam O, Tatout C, 
Paul W, Perez P, Dickinson HG, Consonni G. 2007. empty pericarp4 encodes a mitochondrion-
targeted  pentatricopeptide  repeat  protein  necessary  for  seed  development  and  plant  growth  in 
maize. Plant Cell, 19, 196–210. 
Haegele  JW,  Below  FE,  2013.  Transgenic  corn  rootworm  production  increases  grain  yield  and 
nitrogen use of maize. Crop Science, 53, 585–594. 
Hammack  L,  Ellsbury  MM,  Roehrdanz  RL,  Pikul  Jr  JL,  2003.  Larval  sampling  and  instar 
determination  in  field  populations  of  northern  and  western  corn  rootworm  (Coleoptera: 
Chrysomelidae). Journal of Economic Entomology, 96, 1153–1159. Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
 
88  EFSA Journal 2013;11(3):3135 
Hart MM, Powell JR, Gulden RH, Levy-Booth DJ, Dunfield KE, Pauls KP, Swanton CJ, Klironomos 
JN, 2009. Detection of transgenic cp4 epsps genes in the soil food web. Agronomy for Sustainable 
Development, 29, 497–501.  
Harwood JD, Wallin WG, Obrycki JJ, 2005. Uptake of Bt endotoxins by nontarget herbivores and 
higher  order  arthropod  predators:  molecular  evidence  from  a  transgenic  corn  agroecosystem. 
Molecular Ecology, 14, 2815–2823. 
Hawes MC, 1990. Living plant cells released from the root cap: a regulator of microbial populations in 
the rhizosphere? Plant Soil, 129, 19–27. 
He  XY,  Huang  KL,  Xi  L,  Qin  W,  Delaney  B,  Luo  YB,  2008.  Comparison  of  grain  from  corn 
rootworm resistant transgenic DAS-59122–7 maize with non-transgenic maize grain in a 90-day 
feeding study in Sprague-Dawley rats. Food and Chemical Toxicology, 46, 1994–2002. 
Head  GP,  Greenplate  J,  2012.  The  design  and  implementation  of  insect  resistance  management 
programs for Bt crops. GM Crops & Food: Biotechnology in Agriculture and the Food Chain, 3, 
144–153. 
Head G, Brown CR, Groth ME, Duan JJ, 2001. Cry1Ab protein levels in phytophagous insects feeding 
on  transgenic  corn:  implications  for  secondary  exposure  risk  assessment.  Entomologia 
Experimentalis et Applicata, 99, 37–45. 
Hemerik L, Busstra C, Mols P, 2004. Predicting the temperature-dependent natural 10 population 
expansion of the Western corn rootworm,  Diabrotica virgifera. Entomologia Experimentalis et 
Applicata, 111, 59–69. 
Herman RA, Scherer PN, Wolt JD, 2002a. Rapid degradation of a binary, PS149B1, delta-endotoxin 
of Bacillus thuringiensis in soil, and a novel mathematical model for fitting curve-linear decay. 
Physiological and Chemical Ecology, 31, 208–214. 
Herman RA, Scherer PN, Young DL, Mihaliak CA, Meade T, Woodsworth AT, Stockhoff BA, and 
Narva KE, 2002b. Binary insecticidal crystal protein from Bacillus thuringiensis, strain PS149B1: 
effects  of  individual  protein  components  and  mixtures  in  laboratory  bioassays.  Journal  of 
Economic Entomology, 95, 635–639. 
Herman RA, Storer NP, Phillips AM, Prochaska LM and Windels P, 2007. Compositional assessment 
of  event  DAS-59122–7  maize  using  substantial  equivalence.  Regulatory  Toxicology  and 
Pharmacology, 47, 37–47. 
Hibbard  BE,  Duran  PN,  Ellersieck  MR,  Ellsbury  MM,  2003.  Post-establishment  movement  of 
Western corn rootworm larvae (Coleoptera: Chrysomelidae) in central Missouri corn. Journal of 
Economic Entomology, 96, 599–608. 
Hibbard BE, Higdon ML, Duran DP, Schweikert YM, Ellersieck MR, 2004. Role of egg density on 
establishment  and  plant-to-plant  movement  by  western  corn  rootworm  larvae  (Coleoptera: 
Chrysomelidae). Journal of Economic Entomology, 97, 871–882. 
Hibbard BE, Vaughn TT, Oyediran IO, Clark TL, Ellersieck MR, 2005. Effect of Cry3Bb1-expressing 
transgenic  corn  on  plant-to-plant  movement  by  Western  corn  rootworm  larvae  (Coleoptera: 
Chrysomelidae). Journal of Economic Entomology, 98, 1126–1138. 
Hibbard  BE,  Meihls  LN,  Ellersieck  MR,  Onstad  DW,  2010a.  Density-dependent  and  density-
independent mortality of the Western corn rootworm: impact on dose calculation of the rootworm-
resistant Bt corn. Journal of Economic Entomology, 103, 77–84. 
Hibbard BE, Clark TL, Ellersieck MR, Meihls LN, El Khishen AA, Kaster V, Steiner H-Y, Kurtz R, 
2010b.  Mortality  of  Western  corn  rootworm  larvae  on  MIR604  transgenic  maize  roots:  field 
survivorship  has  no  significant  impact  on  survivorship  of  F1  progeny  on  MIR604.  Journal  of 
Economic Entomology, 103, 2187–2196. Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
 
89  EFSA Journal 2013;11(3):3135 
Hibbard BE, Frank DL, Kurtz R, Boudreau E, Ellersieck MR, Odhiambo JF, 2011. Mortality impact of 
Bt  transgenic  maize  roots  expressing  eCry3.1Ab,  mCry3A,  and  eCry3.1Ab  plus  mCry3A  on 
Western corn rootworm larvae in the field. Journal of Economic Entomology, 104, 1584–1591. 
Hjältén J, Lindau A, Wennström A, Blomberg P, Witzell J, Hurry V, Ericson L, 2007. Unintentional 
changes of defence traits in GM trees can influence plant–herbivore interactions. Basic Applied 
Ecology, 8, 434–443. 
Hofmann F, Epp R, Kruse L, Kalchschmied A, Maisch B, Müller E, Kuhn U, Kratz W, Ober S, 
Radtke J, Schlechtriemen U, Schmidt G, Schröder W, van den Ohe W, Vögel R, Wedl N, Wosniok 
W, 2010. Monitoring of Bt-Maize pollen exposure in the vicinity of the nature reserve Ruhlsdorfer 
Bruch in northeast Germany 2007 to 2008. Umweltwissenschaften und Schadstoff-Forschung, 22, 
229–251. 
Hönemann L, Zurbrügg C, Nentwig W, 2008. Effects of Bt-corn decomposition on the composition of 
the soil meso- and macrofauna. Applied Soil Ecology, 40, 203–209. 
Huang F, Andow AA, Buschman LL, 2011. Success of the high-dose/refuge resistance management 
strategy after 15 years of Bt crop use in North America. Entomologia Experimentalis et Applicata, 
140, 1–16. 
Huber  J,  Langenbruch  GA,  2008.  Freisetzungsbegleitende  Untersuchungen  zur  Aktivität  von  Bt-
Toxinen  bei  Zielund  Nicht-Ziel-Organismen,  sowie  im  Boden–Teilprojekt:  Untersuchungen  zu 
Nebenwirkungen  von  Cry3Bb-Mais  auf  epigäische  Nicht-Ziel-Organimen.  TIB/UB  Hannover 
0313279D:59. 
Huls TJ, Erickson GE, Klopfenstein TJ, Luebbe MK, VanderPol KJ, Rice DW, Smith B, Hinds M, 
Owens F, Liebergesell M, 2008. Effect of feeding DAS-59122–7 corn grain and non-transgenic 
corn grain to individually fed finishinh steers. The Professional Animal Scientist, 24, 572–577. 
Hülter N, Wackernagel W, 2008. Double illegitimate recombination events integrate DNA segments 
through  two  different  mechanisms  during  natural  transformation  of  Acinetobacter  baylyi. 
Molecular Microbiology, 67, 984–995. 
Hummel  HE,  2003.  Introduction  of  Diabrotica  virgifera  virgifera  into  the  Old  World  and  its 
consequences: a recently acquired invasive alien pest species on Zea mays from North America. 
Communications in Agricultural and Applied Biological Sciences, 68, 45–57. 
Hüsken A, Ammann K, Messeguer J, Papa R, Robson P, Schiemann J, Squire G, Stamp P, Sweet J, 
Wilhelm R, 2007. A major European synthesis of data on pollen and seed mediated gene flow in 
maize in the SIGMEA project. In: Stein A, Rodríguez-Cerezo E (eds), Book of abstracts of the 
Third International Conference on Coexistence between Genetically Modified (GM) and non-GM-
based Agricultural Supply Chains. European Commission, pp. 53–56. 
Hutchison W, Burkness E, Mitchell P, Moon R, Leslie T, Fleischer S, Abrahamson M, Hamilton KL, 
Steffey KL, Gray ME, Hellmich RL, Kaster LV, Hunt TE, Wright RJ, Pecinovsky K, Rabaey TL, 
Flood RB, Raun ES, 2010. Areawide suppression of European corn borer with Bt maize reaps 
savings to non-Bt maize growers. Science, 330, 222–225. 
Icoz I, Stotzky G, 2007. Cry3Bb1 protein from Bacillus thuringiensis in root exudates and biomass of 
transgenic corn does not persist in soil. Transgenic Research, 17, 609–620. 
Icoz I, Stotzky G, 2008. Fate and effects of insect-resistant Bt crops in soil ecosystems. Soil Biology 
& Biochemistry, 40, 559–586. 
Icoz  I,  Saxena  D,  Andow  D,  Zwahlen  C,  Stotzky  G,  2008.  Microbial  populations  and  enzyme 
activities in soil in situ under transgenic corn expressing Cry proteins from Bacillus thuringiensis. 
Journal of Environmental Quality, 37, 647–662. 
Ives AR, Andow DA, 2002. Evolution of resistance to Bt crops: directional selection in structured 
environments. Ecology Letters, 5, 792–801. Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
 
90  EFSA Journal 2013;11(3):3135 
Jacobs CM, Utterback PL, Parsons CM, Rice D, Smith B, Hinds M, Liebergesell M, Sauber T, 2008. 
Performance of laying hens fed diets containing DAS-59122–7 maize grain compared with diets 
containing nontransgenic maize grain. Poultry Science, 87, 475–479. 
Jarosz N, Loubet B, Durand B, Foueillassar X, Huber L, 2005. Variations in maize pollen emission 
and deposition in relation to microclimate. Environmental Science & Technology, 39, 4377–4384. 
Jan MT, Roberts P, Tonheim SK, Jones DL, 2009. Protein breakdown represents the major bottleneck 
in nitrogen cycling in grassland soils. Soil Biology & Biochemestry, 41, 2272–2282. 
Jensen GB, Hansen BM, Eilenberg J and Mahillon J, 2003. The hidden lifestyles of Bacillus cereus 
and relatives. Environmental Microbiology, 5, 631–640.  
Jonas  DA,  Elmadfa  I,  Engel  KH,  Heller KJ, Kozianowski  G,  König  A,  Müller  D,  Narbonne JF, 
Wackernagel W, Kleiner J, 2001. Safety considerations of DNA in food. Annals of Nutrition and 
Metabolism, 45, 235–254. 
Juberg DR, Herman RA, Thomas J, Brooks KJ, Delaney B, 2009. Acute and repeated dose (28 day) 
mouse  oral  toxicology  studies  with  Cry34Ab1  and  Cry35Ab1  Bt  proteins  used  in  coleopteran 
resistant DAS-59122–7 corn. Regulatory Toxicology and Pharmacology, 54, 154–163. 
Kang  J,  Krupke  CH,  2009a.  Likelihood  of  multiple  mating  in  Diabrotica  virgifera  virgifera 
(Coleoptera: Chrysomelidae). Journal of Economic Entomology, 102, 2096–2100. 
Kang  J,  Krupke  CH,  2009b.  Influence  of  weight  of  male  and  female  Western  corn  rootworm 
(Coleoptera:  Chrysomelidae)  on  mating  behaviours.  Annals  of  the  Entomological  Society  of 
America, 102, 326–332. 
Kawashima  S,  Matsuo  K,  Du  M,  Takahashi  Y,  Inoue  S,  Yonemura  S,  2004.  An  algorithm  for 
estimating  potential  deposition  of  corn  pollen  for  environmental  assessment.  Environmental 
Biosafety Research, 3, 197–207. 
Kawashima  S,  Nozaki  H,  Hamazaki  T,  Sakata  S,  Hama  T,  Matsuo  K,  Nagasawa  A,  2011. 
Environmental  effects  on  long-range  outcrossing  rates  in  maize.  Agriculture,  Ecosystems  & 
Environment, 142, 410–418. 
Kay E, Vogel TM, Bertolla F, Nalin R, Simonet P, 2002. In situ transfer of antibiotic resistance genes 
from  transgenic  (transplastomic)  tobacco  plants  to  bacteria.  Applied  and  Environmental 
Microbiology, 68, 3345–3351. 
Keese P, 2008. Risks from GMOs due to horizontal gene transfer. Environmental Biosafety Research, 
7, 123–149. 
Kim C-G, Yi H, Park S, Yeon JE, Kim DY, Kim DI, Lee K-H, Lee TC, Paek IS, Yoon WK, Jeong S-
C, Kim HM, 2006. Monitoring the occurrence of genetically modified soybean and maize around 
cultivated fields and at a grain receiving port in Korea. Journal of Plant Biology, 49, 218–298. 
Kiss J, Szentkirályi F, Tóth F, Szénási A, Kádár F, Arpás K, Szekeres D, Edwards CR, 2002. Bt corn: 
impact on non-targets and adjusting to local IPM systems. In: Lelley T, Balázs E, Tepfer M (eds), 
Ecological impact of GMO dissemination in agro-ecosystems. Facultas, Wien, pp. 157–172. 
Kiss J, Szentkirályi F, Szénási A, Tóth F, Szekeres D, Kádár F, Árpás K, Edwards CR, 2004. Effect of 
transgenic Bt-corn on biodiversity of non-target insects in corn fields. Report on contract number 
QLK3-CT-2000–00547 (project ―Bt- BioNoTa‖) within the 5th EU framework programme. Report 
was provided by József Kiss. 
Kiss J, Edwards CR, Berger HK, Cata P, Cean M, Cheek S, Derron J, Festic H, Furlan L, Igrc-Barcic 
J, Ivanova I, Lammers W, Omelyuta V, Princzinger G, Reynaud P, Sivcec I, Sivicek P, Urek G, 
Vahala O, 2005a. Monitoring of Western corn rootworm (Diabrotica virgifera virgifera LeConte) 
in Europe 1992–2003. In: Vidal S, Kuhlmann U, Edwards CR (eds), Western corn rootworm: 
Ecology and Management. CABI Publishing, Wallingford, UK, pp. 29–39. Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
 
91  EFSA Journal 2013;11(3):3135 
Kiss  J,  Komáromi  J,  Bayar  JK,  Edwards  CR,  Hatala-Zsellér  I,  2005b.  Western  corn  rootworm 
(Diabrotica virgifera virgifera LeConte) and the crop rotation systems in Europe. In: Vidal S, 
Kuhlmann  U,  Edwards  CR  (eds),  Western  corn  rootworm:  Ecology  and  Management.  CABI 
Publishing, Wallingford, UK, pp. 189–220. 
Kita  Y,  Hanafy  MS,  Deguchi  M,  Hasegawa  H,  Terakawa  T,  Kitamura  K,  Ishimoto  M,  2009. 
Generation  and  characterization  of  herbicide-resistant  soybean  plants  expressing  novel 
phosphinothricin N-acetyltransferase genes. Breeding Science, 59, 245–251. 
Knecht S, Romeis J, Malone LA, Candolfi MP, Garcia-Alonso M, Habustova O, Huesing JE, Kiss J, 
Nentwig W, Pons X, Rauschen S, Szénási A, Bigler F, 2010. A faunistic database as a tool for 
identification and selection of potential non-target arthropod species for regulatory risk assessment 
of GM maize. IOBC/wprs Bulletin, 52, 65–69. 
Kruger M, Van Rensburg JBJ, Van den Berg J, 2009. Perspective on the development of stem borer 
resistance to Bt maize and refuge compliance at the Vaalharts irrigation scheme in South Africa. 
Crop Protection 28, 684–689. 
Kruger M, Van Rensburg JBJ, Van den Berg J, 2012. Transgenic Bt maize: farmers‘ perceptions, 
refuge  compliance  and  reports  of  stem  borer  resistance  in  South  Africa.  Journal  of  Applied 
Entomology, 136, 38–50. 
Krupke  C,  Marquardt  P,  Johnson  W,  Weller  S,  Conley  SP,  2009.  Volunteer  corn  presents  new 
challenges for insect resistance management. Agronomy Journal, 101, 797–799. 
Lang A, Ludy C, Vojtech E, 2004. Dispersion and deposition of Bt-maize pollen in field margins. 
Zeitschrift für Pflanzenkrankheiten und Pflanzenschutz, 111, 417–428. 
Langhof M, Rühl G, 2008. Auskreuzungsstudien bei Mais: Überblick, Bewertung. Forschungsbedarf. 
Berichte über Landwirtschaft, 86, 29–67. 
Langhof M, Hommel B, Hüsken A, Njontie C, Schiemann J, Wehling P, Wilhelm R, Rühl G, 2010. 
Coexistence in maize: isolation distance in dependence on conventional maize field depth and 
separate edge harvest. Crop Science, 50, 1496–1508. 
Lawhorn CN, Neher DA, Dively GP, 2009. Impact of coleopteran targeting toxin (Cry3Bb1) of Bt 
corn on microbially mediated decomposition. Applied Soil Ecology, 41, 364–368. 
Lee B, Kim C-G, Park J-Y, Park KW, Kim H-J, Yi H, Jeong C-C, Yoon WK, Kim HM, 2009. 
Monitoring  the  occurrence  of  genetically  modified  soybean  and  maize  in  cultivated  fields and 
along the transportation routes of the Incheon Port in South Korea. Food Control, 20, 250–254. 
Lefko SA, Nowatzki TM, Thompson SD, Binning RR, Pascual MA, Peters ML, Simbro EJ, Stanley 
BH,  2008.  Characterizing  laboratory  colonies  of  Western  corn  rootworm  (Coleoptera: 
Chrysomelidae) selected for survival on maize containing event DAS-59122–7. Journal of Applied 
Entomology, 132, 189–204. 
Lehman RM, Osborne SL, Rosentrater KA, 2008a. No differences in decomposition rates observed 
between Bacillus thuringiensis and non-Bacillus thuringiensis corn residue incubated soil in the 
field. Agronomy Journal, 100, 163–168. 
Lehman RM, Osborne SL, Rosentrater KA, 2008b. No evidence that Bacillus thuringiensis genes and 
their products influence the susceptibility of corn residue to decomposition. Agronomy Journal, 
100, 1687–1693. 
Lehman RM, Osborne SL, Prischmann-Voldseth DA, Rosentrater KA, 2010. Insect-damaged corn 
stalks decompose at rates similar to Bt-protected, non-damaged corn stalks. Plant Soil, 333, 481–
490. 
Levine E, Oloumi-Sadeghi H, 1991. Management of diabroticite rootworms in corn. Annual Review 
of Entomology, 36, 229–255.  Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
 
92  EFSA Journal 2013;11(3):3135 
Levine  E,  Oloumi-Sadeghi  H,  1996.  Western  corn  rootworm  (Coleoptera:  Chrysomelidae)  larval 
injury to corn grown for seed production following soybeans grown for seed production. Journal of 
Economic Entomology, 89, 1010–1016. 
Levine  E,  Spencer  JL,  Isard  SA,  Onstad  DW,  Gray  ME,  2002.  Adaptation  of  the  Western  corn 
rootworm  to  crop  rotation:  evolution  of  a  new  strain  in  response  to  a  management  practice. 
American Entomologist, 48, 94–107. 
Levy-Booth DJ, Campbell RG, Gulden RH, Hart MM, Powell JR, Klironomos JN, Pauls KP, Swanton 
CJ, Trevors JT, Dunfield KE, 2007. Cycling of extracellular DNA in the soil environment. Soil 
Biology & Biochemistry, 39, 2977–2991. 
Li Y, Meissle M, Romeis J, 2010. Use of maize pollen by adult Chrysoperla carnea (Neuroptera: 
Chrysopidae) and fate of Cry proteins in Bt-transgenic varieties. Journal of Insect Physiology, 56, 
157–164. 
Li  H,  Olson  M,  Lin  G,  Hey  T,  Tan  SY,  and  Narva  KE,  2013.  Bacillus  thuringiensis 
Cry34Ab1/Cry35Ab1 interactions with western corn rootworm midgut membrane binding sites. 
PLOS ONE, 8, e53079. 
Lilley AK, Bailey MJ, Cartwright C, Turner SL, Hirsch PR, 2006. Life in earth: the impact of GM 
plants on soil ecology? Trends in Biotechnology, 24, 9–14. 
Liu YB, Tabashnik BE, 1997. Inheritance of resistance to Bacillus thuringiensis toxin Cry1C in the 
diamondback moth. Applied Environmental Entomology, 63, 2218–2223. 
Lu Y, Wu L, Jiang Y, Guo Y, Desneux N, 2012. Widespread adoption of Bt cotton and insecticide 
decrease promotes biocontrol services. Nature, 10.1038/nature11153. 
Lundgren  JG,  2009.  Relationships  of  natural  enemies  and  non-prey  foods.  Springer  Science  + 
Business Media BV, New York. 
Ma  BL,  Meloche  F,  Wei  L,  2009.  Agronomic  assessment  of  Bt  trait  and  seed  or  soil-applied 
insecticides on the control of corn rootworm and yield. Field Crops Research, 111, 189–196.  
Ma BL, Blackshaw RE, Roy J, He T, 2011. Investigation on gene transfer from genetically modified 
corn (Zea mays L.) plants to soil bacteria. Journal of Environmental Science and Health, Part B-
Pesticides Food Contaminants and Agricultural Wastes, 46, 590–599. 
MacIntosh SC, 2010. Managing the risk of insect resistance to transgenic insect control traits: practical 
approaches in local environments. Pest Management Science, 66, 100–106. 
Malley LA, Everds NE, Reynolds J, Mann PC, Lamb I, Rood T, Schmidt J, Layton RJ, Prochaska LM, 
Hinds M, Locke M, Chui CF, Claussen F, Mattsson JL, Delaney B, 2007. Subchronic feeding study 
of DAS-59122–7 maize grain in Sprague-Dawley rats. Food and Chemical Toxicology, 45, 1277–
1292. 
Malone LA, Burgess EPJ, 2009. Impact of genetically modified crops on pollinators. In: Ferry N, 
Gatehouse AMR (eds), Environmental impact of genetically modified crops. CAB International, 
Wallingford, UK, pp. 199–222. 
Marçon P, Young LJ, Steffey KL, Siegfried BD, 1999. Baseline susceptibility of European corn borer 
(Lepidoptera: Crambidae) to Bacillus thuringiensis toxins. Journal of Economic Entomology, 92, 
279–285. 
Marquardt PT, Krupke CH, 2009. Dispersal and mating behaviour of Diabrotica virgifera virgifera 
(Coleoptera: Chrysomelidae) in Bt cornfields. Environmental Entomology, 38, 176–182. 
Marquardt  PT,  Krupke  CH,  Johnson  WG,  2012.  Competition  of  transgenic  volunteer  corn  with 
soybean and the effect on weed and insect resistance management. Weed Science, 60, 193–198. 
Marvier M, McCreedy C, Regetz J, Kareiva P, 2007. A meta-analysis of effects of Bt cotton and maize 
on nontarget invertebrates. Science, 316, 1475–1477. Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
 
93  EFSA Journal 2013;11(3):3135 
Masson  L,  Schwab  G,  Mazza  A,  Brousseau  R,  Potvin  L,  Schwartz  JL,  2004.  A  novel  Bacillus 
thuringiensis (PS149B1) containing a Cry34Ab1/Cry35Ab1 binary toxin specific for western corn 
rootworm  Diabrotica  virgifera  virgifera  LeConte  forms  ion  channels  in  lipid  membranes. 
Biochemistry, 43, 12349–12357. 
Meihls LN, 2010. Development and characterization of resistance to transgenic corn in western corn 
rootworm. PhD Dissertation, University of Missouri, 111 pp. 
Meihls  LN,  Higdon  ML, Siegfried  BD,  Miller  NJ, Sappington TW,  Ellersieck  MR,  Spencer TA, 
Hibbard BE, 2008. Increased survival of Western corn rootworm on transgenic corn within three 
generations of on-plants greenhouse selection. Proceedings of the National Academy of Sciences of 
the United States of America, 105, 19177–19182. 
Meihls  LN,  Higdon  ML,  Ellersieck  M,  Hibbard  BE,  2011.  Selection  for  resistance  to  mCry3A-
expressing  transgenic  corn  in  Western  corn  rootworm.  Journal  of  Economic  Entomology  104, 
1045–1054. 
Meihls  LN,  Higdon  ML,  Ellersieck  MR,  Tabashnik  BE,  Hibbard  BE,  2012.  Greenhouse-selected 
resistance to Cry3Bb1-producing corn in three western corn rootworm populations. PLoS ONE, 7, 
e51055. 
Meinke LJ, Siegfried BD, Wright RJ, Chandler LD, 1998. Adult susceptibility of Nebraska western 
corn  rootworm  (Coleoptera:  Chrysomelidae)  populations  to  selected  insecticides.  Journal  of 
Economic Entomology, 91, 594–600. 
Meinke LJ, Sappington TW, Onstad DW, Guillemaud T, Miller NJ, Komáromi J, Levay N, Furlan L, 
Kiss J, Toth F, 2009. Western corn rootworm (Diabrotica virgifera virgifera LeConte) population 
dynamics. Agricultural and Forest Entomology, 11, 29–46. 
Meissle M, Romeis J, 2009a. Insecticidal activity of Cry3Bb1 expressed in Bt maize on larvae of the 
Colorado  potato  beetle,  Leptinotarsa  decemlineata  (Coleoptera:  Chrysomelidae).  Entomologia 
Experimentalis et Applicata, 131, 308–319. 
Meissle M, Romeis J, 2009b. The web-building spider Theridion impressum (Araneae: Theridiidae) is 
not adversely affected by Bt maize resistant to corn rootworms. Plant Biotechnology Journal, 7, 
645–656. 
Meissle  M,  Pilz  C,  Romeis  J,  2009.  Susceptibility  of  Diabrotica  virgifera  virgifera  (Coleoptera: 
Chrysomelidae) to the entomopathogenic fungus Metarhizium anisopliae when feeding on Bacillus 
thuringiensis  Cry3Bb1-expressing  maize.  Applied  and  Environmental  Microbiology,  75,  3937–
3943. 
Meissle M, Romeis J, Bigler F, 2011b. Bt maize and integrated pest management  – A European 
perspective. Pest Management Science, 67, 1049–1058. 
Meissle  M,  Álvarez-Alfageme  F,  Malone  LA,  Romeis  J,  2012.  Establishing  a  database  of  bio-
ecological  information  on  non-target  arthropod  species  to  support  the  environmental  risk 
assessment  of  genetically  modified  crops  in  the  EU.  Supporting  Publications  2012:EN-334, 
European  Food  Safety  Authority  (EFSA),  Parma,  Italy  [170  pp.].  Available  from 
http://www.efsa.europa.eu/en/publications.htm 
Mercer DK, Melville CM, Scott KP, Flint HJ, 1999a. Natural genetic transformation in the rumen 
bacterium Streptococcus bovis JB1. FEMS Microbiology Letters, 179, 485–490. 
Mercer  DK,  Scott  KP,  Bruce-Johnson  WA,  Glover  LA,  Flint  HJ,  1999b.  Fate  of  free  DNA  and 
transformation  of  the  oral  bacterium  Streptococcus  gordonii  DL1  by  plasmid  DNA  in  human 
saliva. Applied and Environmental Microbiology, 65, 6–10. 
Metcalf  ER,  1986.  Foreword.  In:  Krysan  JL,  Miller  TA  (eds),  Methods  for  the  study  of  pest 
Diabrotica. Springer, New York. Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
 
94  EFSA Journal 2013;11(3):3135 
Miethling-Graff R, Dockhorn S, Tebbe CC, 2010. Release of the recombinant Cry3Bb1 protein of Bt 
maize MON88017 into field soil and detection of effects on the diversity of rhizosphere bacteria. 
European Journal of Soil Biology, 46, 41–48. 
Miller N, Estoup A, Toepfer S, Bourguet D, Lapchin L, Derridj S, Kim KS, Reynaud P, Furlan L, 
Guillemaud T, 2005. Multiple transatlantic introductions of the Western corn rootworm. Science, 
310, 992. 
Miller NJ, Guillemaud T, Giordano R, Siegfried BD, Gray ME, Meinke LJ, Sappington TW, 2009. 
Genes,  gene  flow  and  adaptation  of  Diabrotica  virgifera  virgifera.  Agricultural  and  Forest 
Entomology, 11, 47–60. 
Moellenbeck DJ, Peters ML, Bing JW, Rouse JR, Higgins LS, Sims L, Nevshemal T, Marshall L, Ellis 
RT, Bystrak PG, Lang BA, Stewart JL, Kouba K, Sondag V, Gustafson V, Nour K, Xu D, Swenson 
J, Zhang J, Czapla T, Schwab G, Jayne S, Stockhoff BA, Narva K, Schnepf E, Stelman SJ, Poutre 
C, Koziel M, Duck N, 2001. Insecticidal proteins from Bacillus thuringiensis protect corn from 
corn rootworms. Nature Biotechnology, 19, 668–672. 
Moeser J, Vidal S, 2005. Nutritional resources used by the invasive maize pest Diabrotica virgifera 
virgifera  in  its  new  South-east-European  distribution  range.  Entomologia  Experimentalis  et 
Applicata, 114, 55–63. 
Mönkemeyer W, Schmidt K, Beiβner L, Schiemann J, Wilhelm R, 2006. A critical examination of the 
potentials of existing German network for GMO-monitoring. Journal of Consumer Protection and 
Food Safety, 1, 67–71 
Monsanto, 2009. Monsanto biotechnology trait acreage: Fiscal years 1996 to 2009. Available from 
http://www.monsanto.com/investors/documents/2009/q4_biotech_acres.pdf 
Morales CL, Traveset A, 2008. Interspecific pollen transfer: magnitude, prevalence and consequences 
for plant fitness. Critical Reviews in Plant Science, 27, 221–238. 
Murphy AF, Ginzel MD, Krupke CH, 2010. Effect of varying refuge structure upon root damage, 
emergence  and  sex  ratios  of  western  corn  rootworm  on  transgenic  corn. Journal  of  Economic 
Entomology, 103, 147–157. 
Murphy AF, Seiter NJ, Krupke CH, 2011. The impact of Bt maize as a natal host on adult head 
capsule  width  in  field  populations  of  western  corn  rootworm.  Entomologia  Experimentalis  et 
Applicata, 139, 8–16. 
Naranjo  SE,  1990.  Comparative  flight  behavior  of  Diabrotica  virgifera  virgifera  and  Diabrotica 
barberi in the laboratory. Entomologia Experimentalis et Applicata, 55, 79–90. 
Naranjo SE, 1991. Movement of corn rootworm beetles, Diabrotica spp. (Coleoptera: Chrysomelidae), 
at cornfield boundaries in relation to sex, reproductive status and crop phenology. Environmental 
Entomology, 20, 230–240. 
Naranjo SE, 1994. Flight orientation of Diabrotica virgifera virgifera and D. barberi (Coleoptera: 
Chrysomelidae) at habitat interfaces. Annals of the Entomological Society of America, 87, 383–
394. 
Naranjo SE, 2009. Impacts of Bt crops on non-target invertebrates and insecticide use patterns. CAB 
Reviews: Perspectives in Agriculture, Veterinary Science, Nutrition and Natural Resources, 4, 1–
23. 
Nielsen KM, Johnsen P, Bensasson D, Daffonchio D, 2007. Release and persistence of extracellular 
DNA in the open environment. Environmental Biosafety Research, 6, 37–53. 
Nordgård L, Nguyen T, Midtvedt T, Benno Y, Traavik T, Nielsen KM, 2007. Lack of detectable 
uptake of DNA by bacterial gut isolates grown in vitro and by Acinetobacter baylyi colonizing 
rodents in situ. Environmental Biosafety Research, 6, 149–160. Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
 
95  EFSA Journal 2013;11(3):3135 
Nowatzki TJ, Bradley N, Warren KK, Putnam S, Meinke LJ, Gosselin DC, Harvey FE, Hunt TE, 
Siegfried B, 2003. In-field labeling of Western corn rootworm adults (Coleoptera: Chrysomelidae) 
with rubidium. Journal of Economic Entomology, 96, 1750–1759. 
Nowatzki TM, Lefko SA, Binning RR, Thompson SD, Spencer TA, Siegfried BD, 2008. Validation of 
a novel resistance monitoring technique for corn rootworm (Coleoptera: Chrysomelidae) and event 
DAS-59122–7 maize. Journal of Applied Entomology, 132, 177–188. 
Oberhauser KS, Prysby M, Mattila HR Stanley-Horn DE, Sears MK, Dively GP, Olson E, Pleasants 
JM, Lam WKF, Hellmich RL, 2001. Temporal and spatial overlap between monarch larvae and 
corn pollen. Proceedings of the National Academy of Sciences of the United States of America, 98, 
11913–11918. 
Obrist LB, Klein H, Dutton A, Bigler F, 2005. Effects of Bt maize on Frankliniella tenuicornis and 
exposure of thrips predators to prey-mediated Bt toxin. Entomologia Experimentalis et Applicata, 
115, 409–416. 
Obrist L, Dutton A, Romeis J, Bigler F, 2006a. Fate of Cry1Ab toxin expressed by Bt maize upon 
ingestion by herbivorous arthropods and consequences for Chrysoperla carnea. BioControl, 51, 
31–48. 
Obrist LB, Dutton A, Albajes R, Bigler F, 2006b. Exposure of arthropod predators to Cry1Ab toxin in 
Bt maize fields. Ecological Entomology, 31, 143–154. 
Obrist LB, Klein H, Dutton A, Bigler F, 2006c. Assessing the effects of Bt maize on the predatory 
mite Neoseiulus cucumeris. Experimental and Applied Acarology, 38, 125–139.  
OECD,  2003.  Consensus Document  on  the  biology  of  Zea  mays  subsp.  Mays  (maize).  Series  on 
Harmonisation of Regulatory Oversight in Biotechnology (ENV/JM/MONO(2003)11), No. 27: 1–
49.  Available  from 
http://www.olis.oecd.org/olis/2003doc.nsf/LinkTo/NT0000426E/$FILE/JT00147699.PDF 
OECD, 2007. Consensus Document on the safety information on transgenic plants expressing Bacillus 
thuringiensis-derived insect control proteins/Series on Harmonisation of Regulatory Oversight in 
Biotechnology  (ENV/JM/MONO(2007)14),  No.  42:  1–10.  Available  from 
http://www.oecd.org/dataoecd/36/61/46815888.pdf 
Oleson JD, Park YL, Nowatzki TM, Tollefson JJ, 2005. Node-injury scale to evaluate root injury by 
corn rootworms (Coleoptera: Chrysomelidae). Journal of Economic Entomology, 98, 1–8. 
Olmer KJ, Hibbard BE, 2008. The nutritive value of dying maize and Setaria faberi roots for western 
corn rootworm (Coleoptera: Chrysomelidae) development. Journal of Economic Entomology, 101, 
1547–1556. 
Omura  S,  Hinotozawa  K,  Imamura  N,  Murata  M,  1984a.  The  structure  of  Phosalacine,  a  new 
herbicidal antibiotic containing phosphinothricin. Journal of Antibiotics, 37, 939–940. 
Omura  S,  Murata  M,  Hanaki  H,  Hinotozawa  K,  Oiwa  R,  Tanaka  H,  1984b.  Phosalacine,  a  new 
herbicidal antibiotic containing phosphinothricin. Fermentation, isolation, biological activity and 
mechanism of action. Journal of Antibiotics, 37, 829–835. 
Onstad DW, 2006. Modeling larval survival and movement to evaluate seed mixtures of transgenic 
corn for control  of  western  corn rootworm  (Coleoptera:  Chrysomelidae). Journal  of  Economic 
Entomology, 99, 1407–1414. 
Onstad  DW,  2008.  Insect  resistance  management:  biology,  economics,  and  prediction.  Academic 
Press, London, UK. 
Onstad  DW,  Meinke  LJ, 2010.  Modeling  evolution  of  Diabrotica virgifera virgifera  (Coleoptera: 
Chrysomelidae) to transgenic corn with two insecticidal traits. Journal of Economic Entomology, 
103, 849–860. Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
 
96  EFSA Journal 2013;11(3):3135 
Onstad DW, Joselyn M, Isard S, Levine E, Spencer J, Bledsoe L, Edwards C, Di Fonzo C, Wilson H, 
1999. Modeling the spread of western corn rootworm (Coleoptera: Chrysomelidae) populations 
adapting to soybean-corn rotation. Environmental Entomology, 28, 188–194. 
Onstad  DW,  Guse  CAG,  Spencer  JL,  Levine  E,  Gray  ME,  2001a.  Modeling  the  dynamics  of 
adaptation to transgenic corn by Western corn rootworm (Coleoptera: Chrysomelidae). Journal of 
Economic Entomology, 94, 529–540. 
Onstad DW, Spencer JL, Guse CA, Levine E, Isard SA, 2001b. Modeling evolution of behavioral 
resistance by an insect to crop rotation. Entomologia Experimentalis et Applicata, 100, 195–201. 
Onstad DW, Mitchell PD, Hurley TM, Lundgren JG, Porter RP, Krupke CH, Spencer JL, Difonzo CD, 
Baute TS, Hellmich RL, Buschman LL, Hutchison WD, Tooker JF, 2011. Seeds of change: corn 
seed mixtures for resistance management and integrated pest management. Journal of Economic 
Entomology, 104, 343–352. 
Oppert B, Ellis RT, Babcock J, 2010. Effects of Cry1F and Cry34Ab1/35Ab1 on storage pests. Journal 
of Stored Products Research, 46, 143–148 
Oswald KJ, French BW, Nielson C, Bagley M, 2011. Selection for Cry3Bb1 resistance in a genetically 
diverse population of nondiapausing Western corn rootworm (Coleoptera: Chrysomelidae). Journal 
of Economic Entomology, 104, 1038–1044. 
Oyediran IO, Hibbard BE, Clark TL, 2004. Prairie grasses as alternate hosts of the Western corn 
rootworm (Coleoptera: Chrysomelidae). Environmental Entomology, 33, 740–747. 
Oyediran  IO,  Hibbard  BE,  Clark TL,  2005.  Western  corn  rootworm  (Coleoptera:  Chrysomelidae) 
beetle emergence from weedy Cry3Bb1 rootworm-resistant transgenic maize. Journal of Economic 
Entomology, 98, 1679–1684. 
Palaudelmàs M, Peñas G, Melé E, Serra J, Salvia J, Pla M, Nadal A, Messeguer J, 2009. Effect of 
volunteers on mparaize gene flow. Transgenic Research, 18, 583–594. 
Pan Z, Onstad DW, Nowatzki TM, Stanley BH, Meinke LJ, Flexner JL, 2011. Western corn rootworm 
(Coleoptera: Chrysomelidae) dispersal and adaptation to single-toxin transgenic corn deployed with 
block or blended refuge. Environmental Entomology, 40, 964–978. 
Park KW, Lee B, Kim C-G, Kim DY, Park J-Y, Ko EM, Jeong S-C, Choi KH, Yoon WK, Kim HM, 
2010. Monitoring the occurrence of genetically modified maize at a grain receiving port and along 
transportation routes in the Republic of Korea. Food Control, 21, 456–461. 
Petzold-Maxwell JL, Jaronski T, Gassmann AJ, 2012a. Tritrophic interactions among Bt maize, an 
insect pest and entomopathogens: effects on development and survival of western corn rootworm. 
Annals of Applied Biology, 160, 43–55. 
Petzold-Maxwell JL, Cibils-Stewart X, French BW, Gassmann AJ, 2012b. Adaptation by western corn 
rootworm  (Coleoptera:  Chrysomelidae)  to  Bt  maize:  inheritance,  fitness  costs,  and  feeding 
preference. Journal of Economic Entomology, 104, 1407–1418. 
Pleasants JM, Hellmich RL, Dively GP, Sears MK, Stanley-Horn DE, Mattila HR, Foster JE, Clark 
TL, Jones GD, 2001. Corn pollen deposition on milkweeds in or near corn field. Proceedings of the 
National Academy of Sciences of the United States of America, 98, 11919–11924. 
Poerschmann J, Gathmann A, Augustin J, Langer U, Gorecki T, 2005. Molecular composition of 
leaves and stems of genetically modified Bt and near-isogenic non-Bt maize–characterization of 
lignin patterns. Journal of Environmental Quality, 34, 1508–1518. 
Poerschmann J, Rauschen S, Langer U, Augustin J, Gorecki T, 2008. Molecular level lignin patterns 
of  genetically  modified  Bt-maize  MON88017  and  three  conventional  varieties  using 
tetramethylammonium  (TMAH)-induced  thermochemolysis.  Journal  of  Agricultural  and  Food 
Chemistry, 56, 11906–11913. Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
 
97  EFSA Journal 2013;11(3):3135 
Polverari A, Buonaurio R, Guiderdone S, Pezatti M, Marte M, 2000. Ultrastructural observations and 
DNA degradation analysis of pepper leaves undergoing a hypersensitive reaction to Xanthomonas 
campestris p.v. vesicatoria. European Journal of Plant Pathology, 106, 423–431. 
Porter P, Cullen E, Sappington T, Schaafsma A, Pueppke S, Andow D, Bradshaw J, Buschman L, 
Cardoza YJ, DiFonzo C, French BW, Gassmann A, Gray ME, Hammond RB, Hibbard B, Krupke 
CH, Lundgren JG, Ostlie KR, Shields E, Spencer JL, Tooker JF, Youngman RR, 2012. Letter from 
22 members and participants of North Central Coordinating Committee NCCC46 and other corn 
entomologists  to  EPA,  March  5,  2012.  Available  from 
http://www.organicconsumers.org/documents/Letter22Scientists.pdf 
Prischl M, Hackl E, Pastar M, Pfeiffer S, Sessitsch A, 2012. Genetically modified Bt maize lines 
containing cry3Bb1, cry1A105 or cry1Ab2 do not affect the structure and functioning of root-
associated endophyte communities. Applied Soil Ecology, 54, 39–48. 
Qaim M, 2009. The economics of genetically modified crops. Annual Review of Resource Economics, 
1, 665–694. 
Ramessar K, Peremarti A, Gomez Galera S, Naqvi S, Moralejo M, Muñoz P, Capell T, Christou P, 
2007. Biosafety and risk assessment framework for selectable marker genes in transgenic crop 
plants. A case of the science not supporting the politics. Transgenic Research, 16, 261–280. 
Raubuch  M,  Roose  K,  Warnstorff  K,  Wichern  F,  Joergensen  RG,  2007.  Respiration  pattern  and 
microbial  use  of  field-grown  transgenic  Bt-maize  residues.  Soil  Biology  &  Biochemistry,  39, 
2380–2389. 
Rauschen S, Schaarmschmidt F, Gathmann A, 2010. Occurrence and field densities of Coleoptera in 
the maize herb layer: implications for environmental risk assessment of genetically modified Bt-
maize. Transgenic Research, 19, 727–744. 
Rausell C, García-Robles I, Sánchez J, Muñoz-Garay C, Martínez-Ramírez AC, Real MD, Bravo A, 
2004. Role of toxin activation on binding and pore formation activity of the Bacillus thuringiensis 
Cry3 toxins in membranes of Leptinotarsa decemlineata (Say). Biochimica et Biophysica Acta, 
1660, 99–105. 
Raybould A, 2007. Ecological versus ecotoxicological methods for assessing the environmental risks 
of transgenic crops. Plant Science, 173, 589–602.  
Raybould A, Tuttle A, Shore S, Stone T, 2010. Environmental risk assessment for transgenic crops 
producing output trait enzymes. Transgenic Research, 19, 595–609. 
Raybould A, Higgins LS, Horak MJ, Layton RJ, Storer NP, Manuel De La Fuente JM, Herman RA, 
2012. Assessing the ecological risks from the persistence and spread of feral populations of insect-
resistant transgenic maize. Transgenic Research, 21, 655–664. 
Raynor G, Ogden E, Hayes J, 1972. Dispersion and deposition of corn pollen from experimental 
sources. Agronomy Journal, 64, 420–427. 
Razze  JM,  Mason  CE,  2012.  Dispersal  behavior  of  neonate  European  corn  borer  (Lepidoptera: 
Crambidae) on Bt corn. Journal of Economic Entomology, 105, 1214–1223. 
Rice  ME,  2004.  Transgenic  rootworm  corn:  Assessing  potential  agronomic,  economic,  and 
environmental  benefits.  Plant  Health  Progress.  Available  from 
http://www.plantmanagementnetwork.org/pub/php/review/2004/rootworm/ 
Ricroch A, Bergé JB, Messéan A, 2009. Revue bibliographique sur la dispersion des transgènes à 
partir du maïs génétiquement modifié. Comptes Rendus Biologies, 332, 861–875. 
Riesgo  L,  Areal  FJ,  Sanvido  O,  Rodríguez-Cerezo  E,  2010.  Distances  needed  to  limit  cross-
fertilization between GM and conventional maize in Europe. Nature Biotechnology, 28, 780–782. 
Rizzi A, Pontiroli A, Brusetti L, Borin S, Sorlini C, Abruzzese A, Sacchi GA, Vogel TM, Simonet P, 
Bazzicalupo M, Nielsen KM, Monier J-M, Daffonchio D, 2008. Strategy for in situ detection of Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
 
98  EFSA Journal 2013;11(3):3135 
natural  transformation-based  horizontal  gene  transfer  events.  Applied  Environmental 
Microbiology, 74, 1250–1254. 
Rizzi A, Raddadi N, Sorlini C, Nordgård K, Nielsen KM, Daffonchio D, 2012. The stability and 
degradation of dietary DNA in the gastrointestinal tract of mammals – implications for horizontal 
gene transfer and the biosafety of GMOs. Critical Reviews in Food Science and Nutrition, 52, 142–
161. 
Romeis J, Meissle M, 2011. Non-target risk assessment of Bt crops – Cry protein uptake by aphids. 
Journal of Applied Entomology, 135, 1–6. 
Romeis J, Meissle M, Bigler F, 2006. Transgenic crops expressing Bacillus thuringiensis toxins and 
biological control. Nature Biotechnology, 24, 63–71. 
Romeis J, Bartsch D, Bigler F, Candolfi MP, Gielkens M, Hartley SE, Hellmich RL, Huesing JE, 
Jepson PC, Layton R, Quemada H, Raybould A, Rose RI, Schiemann J, Sears MK, Shelton AM, 
Sweet J, Vaituzis Z, Wolt JD, 2008a. Nontarget arthropod risk assessment of insect-resistant GM 
crops. Nature Biotechnology, 26, 203–208. 
Romeis  J,  Van  Driesche  RG,  Barratt  BIP,  Bigler  F,  2008b.  Insect-resistant  transgenic  crops  and 
biological control. In: Romeis J, Shelton AM, Kennedy GG (eds), Integration of insect-restistant 
genetically modified crops within IPM programs. Springer Science + Business Media BV, New 
York, pp 87–117. 
Romeis J, Hellmich RL, Candolfi MP, Carstens K, De Schrijver A, Gatehouse AMR, Herman RA, 
Huesing JE, McLean MA, Raybould A, Shelton AM, Waggoner A, 2011. Recommendations for 
the  design  of  laboratory  studies  on  non-target  arthropods  for  risk  assessment  of  genetically 
engineered plants. Transgenic Research, 20, 1–22. 
Rosi-Marshall EJ, Tank JL, Royer TV, Whiles MR, Evans-White M, Chambers C, Griffiths NA, 
Pokelsek J, Stephen ML, 2007. Toxins in transgenic crop by products may affect headwater stream 
ecosystems. Proceedings of the National Academy of Sciences of the United States of America, 
104, 16204–16208. 
Rose RI, 2007. White paper on tier-based testing for the effects of proteinaceous insecticidal plant-
incorporated protectants on non-target invertebrates for regulatory risk assessment. USDA-APHIS 
and  US  Environmental  Protection  Agency,  Washington,  DC.  Available  from 
http://www.epa.gov/pesticides/biopesticides/pips/non-target-arthropods.pdf  
Rossi F, Morlacchini M, Fusconi G, Pietri A, Mazza R, Piva G, 2005. Effect of Bt corn on broiler 
growth performance and fate of feed-derived DNA  in the digestive tract. Poultry Science, 84, 
1022–1030. 
Roush RT, 1994. Managing pests and their resistance to Bacillus thuringiensis: Can transgenic crops 
be better than sprays? Biocontrol Science and Technology, 4, 501–516. 
Roush  RT,  1998.  Two-toxin  strategies  for  management  of  insecticidal  transgenic  crops:  can 
pyramiding succeed where pesticide mixtures have not? Philosophical Transactions of the Royal 
Society: Biological Sciences, 353, 1777–1786. 
Rudeen  ML,  Gassmann  AJ,  2012.  Effects  of  Cry34/35Ab1  corn  on  survival  and  development  of 
western  corn  rootworm,  Diabrotica  virgifera  virgifera.  Pest  Management  Science, 
DOI:10.1002/ps.3425. 
Saeglitz C, Bartsch D, Eber S, Gathmann A, Priesnitz KU, Schuphan I, 2006. Monitoring the Cry1Ab 
susceptibility of European corn borer in Germany. Journal of Economic Entomology, 99, 1768–
1773. 
Sanahuja G, Banakar R, Twyman RM, Capelle T, Christou P, 2011. Bacillus thuringiensis: a century 
of research, development and commercial applications. Plant Biotechnology Journal, 9, 283–300. Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
 
99  EFSA Journal 2013;11(3):3135 
Sanvido  O,  Widmer  F,  Winzeler  M,  Bigler  F,  2005.  A  conceptual  framework  for  the  design  of 
environmental  post-market  monitoring  of  genetically  modified  plants.  Environmental  Biosafety 
Research, 4, 13–27. 
Sanvido O, Widmer F, Winzeler M, Streit B, Szerencsits E, Bigler F, 2008. Definition and feasibility 
of isolation distances for transgenic maize. Transgenic Research, 17, 317–355. 
Sanvido  O,  Romeis  J,  Bigler  F,  2009.  An  approach  for  post-market  monitoring  of  potential 
environmental  effects  of  Bt-maize  expressing  Cry1Ab  on  natural  enemies.  Journal  of  Applied 
Entomology, 133, 236–248. 
Sanvido  O,  Romeis J,  Bigler  F, 2011a:  Environmental  change  challenges decision-making  during 
post-market environmental monitoring of transgenic crops. Transgenic Research, 20, 1191–1201. 
Sanvido O, De Schrijver A, Devos Y, Bartsch D, 2011b. Post market environmental monitoring of 
genetically modified herbicide tolerant crops. Journal für Kulturpflanzen, 63, 211–216. 
Saxena D, Stotzky G, 2001. Bt corn has a higher lignin content than non-Bt corn. American Journal of 
Botany, 88, 1704–1706. 
Saxena D, Flores S, Stotzky G, 2002. Bt toxin is released in root exudates from 12 transgenic corn 
hybrids representing three transformation events. Soil Biology & Biochemistry, 34, 133–137. 
Saxena D, Stewart CN, Altosaar I, Shu Q, Stotzky G, 2004. Larvicidal Cry proteins from Bacillus 
thuringiensis are released in root exudates of transgenic B. thuringiensis corn, potato, and rice but 
not of B. thuringiensis canola, cotton, and tobacco. Plant Physiology and Biochemistry, 42, 383–
387. 
Schmidt K, Wilhelm R, Schmidtke J, Beissner L, Mönkemeyer W, Böttinger P, Sweet J, Schiemann J, 
2008.  Farm  questionnaires  for  monitoring  genetically  modified  crops:  a  case  study  using  GM 
maize. Environmental Biosafety Research, 7, 163–179. 
Schmidtke J, Schmidt K, 2007. Use of existing network for the general surveillance of GMP? Proposal 
of a reporting system and central reporting office. Journal of Consumer Protection and Food Safety, 
2, 79–84. 
Schnepf HE, Lee S, Dojillo JJ, Burmeister P, Fencil K, Morera L, Nygaard L, Narva KE, Wolt JD, 
2005.  Characterization  of  Cry34/Cry35  binary  insecticidal  proteins  from  diverse  Bacillus 
thuringiensis strain collections. Applied and Environmental Microbiology, 71, 1765–1774. 
Schumann M, Vidal S, 2012. Dispersal and spatial distribution of western corn rootworm larvae in 
relation to root phenology. Agricultural and Forest Entomology, 14, 331–339. 
Schuppener M, Mühlhause J, Müller AK, Rauschen S, 2012. Environmental risk assessment for the 
small  tortoiseshell  Aglais  urticae  and  a  stacked  Bt-maize  with  combined  resistances  against 
Lepidoptera and Chrysomelidae in central European agrarian landscapes. Molecular Ecology, 21, 
4646–4662. 
Sessitsch  A,  Smalla  K,  Kandeler  E,  Gerzabek  MH,  2004.  Effects  of  transgenic  plants  on  soil 
microorganisms and nutrient dynamics. In: Gillings M, Holmes A (eds), Plant microbiology. BIOS 
Scientific Publishers, London and New York, pp. 55–75. 
Shi G, Chavas JP, Lauer J, 2013. Commercialized transgenic traits, maize productivity and yield risk. 
Nature Biotechnology, 31, 111–114. 
Siebert MW, Nolting SP, Hendrix W, Dhavala S, Craig C, Leonard BR, Stewart SD, All J, Musser FR, 
Buntin GD, Samuel L, 2012. Evaluation of corn hybrids expressing Cry1F, Cry1A.105, Cry2Ab2, 
Cry34Ab1/Cry35Ab1,  and  Cry3Bb1  against  southern  United  States  insect  pests.  Journal  of 
Economic Entomology, 105, 1825–1834. 
Siegfried BD, Hellmich RL, 2012. Understanding successful resistance management: The European 
corn borer and Bt corn in the United States. GM Crops & Food: Biotechnology in Agriculture and 
the Food Chain, 3, 184–193. Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
 
100  EFSA Journal 2013;11(3):3135 
Siegfried BD, Spencer T, 2012. Bt resistance monitoring in European corn borer and western corn 
rootworms. In: Oliver M, Li Y (eds), Gene Containment. New York: Wiley and Sons, pp. 43–55. 
Siegfried  BD,  Meinke  LJ,  Scharf  ME,  1998.  Resistance  management  concerns  for  areawide 
management programs. Journal of Agricultural Entomology, 15, 359–369. 
Siegfried BD, Spencer T, Nearman J, 2000. Baseline susceptibility of the corn earworm (Lepidoptera: 
Noctuidae)  to  the  Cry1Ab  toxin  from  Bacillus  thuringiensis  toxin.  Journal  of  Economic 
Entomology, 93, 1265–1268. 
Siegfried  BD,  Meinke  LJ,  Parimi  S,  Scharf  ME,  Nowatzki  TJ,  Zhou  X,  Chandler  LD,  2004. 
Monitoring  western  corn  rootworm  (Coleoptera:  Chrysomelidae)  susceptibility  to  carbaryl  and 
cucurbitacin baits in the areawide management pilot program. Journal of Economic Entomology, 
97, 1726–1733. 
Siegfried  BD,  Vaughn  TT,  Spencer  T,  2005.  Baseline  susceptibility  of  Western  corn  rootworm 
(Coleoptera:  Chrysomelidae)  to  Cry3Bb1  Bacillus  thuringiensis  toxin.  Journal  of  Economic 
Entomology, 98, 1320–1324. 
Siegfried BD, Spencer T, Crespo AL, Storer NP, Head GP, Owens ED, Guyer D, 2007. Ten years of 
Bt resistance monitoring in the European corn borer: what we know, what we don‘t know, and 
what we can do better. American Entomologist, 53, 208–214. 
Smit E, Bakker PAHM, Bergmans H, Bloem J, Griffiths BS, Rutgers M, Sanvido O, Singh BK, van 
Veen H, Wilhelm R, Glandorf DCM, 2012. General surveillance of the soil ecosystem: an approach 
to monitoring unexpected adverse effects of GMO‘s. Ecological Indicators, 14, 107–113. 
Spencer  JL,  Mabry  TR,  Vaughn  TT,  2003.  Use  of  transgenic  plants  to  measure  insect  herbivore 
movement. Journal of Economic Entomology, 96, 1738–1749. 
Spencer JL, Levine E, Isard SA, Mabry TR, 2005. Movement, dispersal and behaviour of western corn 
rootworm adults in rotated maize and soybean fields. In: Vidal S, Kuhlmann U, Edwards CR (eds), 
Western corn rootworm: ecology and management. CABI Publishing, Wallingford, UK, pp. 121–
144. 
Spencer JL, Hibbard BE, Moeser J, Onstad DW, 2009. Behavior and ecology of the western corn 
rootworm (Diabrotica virgifera virgifera LeConte). Agricultural and Forest Entomology, 11, 9–27. 
Stein HH, Rice DW, Smith BL, Hinds MA, Sauber TE, Pedersen C, Wulf DM, Peters DN, 2009. 
Evaluation of corn grain with the genetically modified input trait DAS-59122–7 fed to growing-
finishing pigs. Journal of Animal Science, 87, 1254–1260. 
Storer  NP,  2003.  A  spatially  explicit  model  simulating  Western  corn  rootworm  (Coleoptera: 
Chrysomelidae) adaptation to insect-resistant maize. Journal of Economic Entomology, 96, 1530–
1547. 
Storer NP, Babcock JM, Edwards JM, 2006. Field measures of Western corn rootworm (Coleoptera: 
Chrysomelidae) mortality caused by Cry34/35Ab1 proteins expressed in maize event 59122 and 
implications for trait durability. Journal of Economic Entomology, 99, 1381–1387. 
Storer NP, Thompson GD, Head GP, 2012. Application of pyramided traits against Lepidoptera in 
insect resistance management for Bt crops. GM Crops & Food: Biotechnology in Agriculture and 
the Food Chain, 3, 154–162. 
Stotzky G, 2004. Persistence and biological activity in soil of the insecticidal proteins from Bacillus 
thuringiensis, especially from transgenic plants. Plant and Soil, 266, 77–89. 
Szalai M, Köszegi J, Toepfer S, Kiss J, 2011. Colonisation of first-year maize fields by Western corn 
rootworm  (Diabrotica  virgifera  virgifera)  from  adjacent  infested  maize  fields.  Acta 
Phytopathologica et Entomologica Hungarica, 46, 215–226. 
Széll  E,  Zsellér  I,  Ripka  G,  Kiss J,  Princzinger  G,  2005.  Strategies  for controlling  Western  corn 
rootworm (Diabrotica virgifera virgifera). Acta Agronomica Hungarica, 53, 71–79. Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
 
101  EFSA Journal 2013;11(3):3135 
Tabashnik BE, 1994. Evolution of resistance to Bacillus thuringiensis. Annual Review of Entomology, 
39, 47–79. 
Tabashnik  BE,  2008.  Delaying  insect  resistance  to  transgenic  crops.  Proceedings  of  the  National 
Academy of Sciences of the United States of America, 105, 19029–19030. 
Tabashnik BE, Gould F, 2012. Delaying corn rootworm resistance to Bt corn. Journal of Economic 
Entomology, 105, 767–776. 
Tabashnik BE, Gould F, Carrière Y, 2004. Delaying evolution of insect resistance to transgenic crops 
by decreasing dominance and heritability. Journal of Evolutionary Biology, 17, 904–912. 
Tabashnik BE, Gassmann AJ, Crowder DW, Carrière Y, 2008a. Insect resistance to Bt crops: evidence 
versus theory? Nature Biotechnology, 26, 199–202. 
Tabashnik BE, Gassmann AJ, Crowder DW, Carrière Y, 2008b. Reply to Field-evolved resistance to 
Bt toxins. Nature Biotechnology, 26, 1074–1076. 
Tabashnik  BE, Van  Rensburg JBJ,  Carrière  Y,  2009.  Field-evolved  insect resistance to  Bt  crops: 
definition, theory and data. Journal of Economic Entomology, 102, 2011–2025. 
Takács E, Bánáti H, Fónagy A, Darvas B, 2010: Short term study of DAS-59122–7 maize on L1 and 
L2 larvae of seven-spotted ladybird (Coccinella septempunctata) feeding on the bird cherry-oat 
aphid (Rhopalosiphum padi). Növénytermesztés, 59, 625–628. 
Takács E, Fónagy A, Juracsek J, Kugler N, Székács A, 2012. Characterisation of tritrophic effects of 
DAS-59122–7 maize on the seven-spotted ladybird (Coccinella septempunctata) feeding on the 
bird cherry-oat aphid (Rhopalosiphum padi). IOBC/wprs Bulletin, 73, 121–134. 
Tank JL, Rosi-Marshall EJ, Royer TV, Whiles MR, Griffiths NA, Frauendorf TC, Treering DJ, 2010. 
Occurrence of maize detritus and a transgenic insecticidal protein (Cry1Ab) within the stream 
network of an agricultural landscape. Proceedings of the National Academy of Sciences of the 
United States of America, 107, 17645–17650. 
Tarkalson DD, Kachman SD, Knops JMN, Thies JE, Wortmann CS, 2008. Decomposition of Bt and 
non-Bt corn hybrid residues in the field. Nutrient Cycling in Agroecosystems, 80, 211–222. 
Tinsley NA, Estes RE, Gray ME, 2013. Validation of a nested error component model to estimate 
damage caused by corn rootworm larvae. Journal of Applied Entomology, 137, 161-169. 
Toepfer S, Levay N, Kiss J, 2006. Adult movements of newly introduced alien Diabrotica virgifera 
virgifera (Coleoptera: Chrysomelidae) from non-host habitats. Bulletin of Entomological Research, 
96, 327–335. 
Toepfer S, Peters A, Ehlers R-U, Kuhlmann U, 2008. Comparative assessment of the efficacy of 
entomopathogenic nematodes species at reducing western corn rootworm larvae and root damage 
in maize. Journal of Applied Entomology, 132, 337–348. 
Toepfer S, Haye T, Erlandson M, Goettel M, Lundgren JG, Kleespies RG, Weber DC, Walsh GC, 
Peters A, Ehlers R-U, Strasser H, Moore D, Keller S, Vidal S, Kuhlmann U, 2009. A review of the 
natural enemies of beetles in the subtribe Diabroticina (Coleoptera: Chrysomelidae): implications 
for sustainable pest management. Biocontrol Science and Technology, 19, 1–65. 
Toepfer S, Burger R, Ehlers R-U, Peters A, Kuhlmann U, 2010. Controlling western corn rootworm 
larvae with entomopathogenic nematodes: effect of application techniques on plant-scale efficacy. 
Journal of Applied Entomology, 134, 467–480. 
Torres JB,  Ruberson JR, 2008.  Interactions  of  Bacillus  thuringiensis  Cry1Ac  toxin  in  genetically 
engineered cotton with predatory heteropterans. Transgenic Research, 17, 345–354.  
Torres JB, Ruberson JR, Adang MJ, 2006. Expression of Bacillus thuringiensis Cry1Ac protein in 
cotton  plants,  acquisition by  pests  and  predators:  a  tritrophic  analysis.  Agricultural  and  Forest 
Entomology, 8, 191–202. Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
 
102  EFSA Journal 2013;11(3):3135 
Tuska T, Kiss J, Edwards CR, Szabó Z, Ondrusz I, Miskucza P, Garai A, 2002. Determination of 
economic  threshold  for  silk  feeding  by  western  corn  rootworm  (Diabrotica  virgifera  virgifera 
LeConte) adults in seed corn. Növényvédelem, 38, 505–511. 
Tyutyunov Y, Zhadanovskaya E, Bourguet D, Arditi R, 2008. Landscape refuges delay resistance of 
the  European  corn  borer  to  Bt-maize:  a  demo-genetic  dynamic  model.  Theoretical  Population 
Biology, 74, 138–146. 
US EPA, 2007. Biopesticides registration action document: Modified Cry3A protein and the genetic 
material necessary for its production (via elements of pZM26) in event MIR604 corn SYN-IR604–
8.  Available  from 
http://www.epa.gov/oppbppd1/biopesticides/ingredients/tech_docs/brad_006509.pdf 
US EPA, 2009. Minutes of a Scientific Advisory Panel held Feb. 23–24, 2009 on resistance risks of 
using  a  seed  mix  refuge  with  Pioneer‘s  Optimum®  AcreMax™1  rootworm  protected  corn. 
Available from http://www.epa.gov/scipoly/sap/meetings/2009/february/232009finalreport.pdf 
US EPA, 2010a. Biopesticides registration action document: Bacillus thuringiensis Cry3Bb1 protein 
and the genetic material necessary for its production (vector PV-ZMIR13L) in MON 863 corn 
(OECD Unique Identifier: MON-ØØ863–5) PC code: 006484 and Bacillus thuringiensis Cry3Bb1 
protein and the genetic material necessary for its production (vector PV-ZMIR39) in MON 88017 
corn  (OECD  Unique  Identifier:  MON-88Ø17–3)  PC  code:  006498.  Available  from 
http://www.epa.gov/oppbppd1/biopesticides/pips/cry3bb1-brad.pdf 
US EPA, 2010b. Biopesticides registration action document: Bacillus thuringiensis Cry34Ab1 and 
Cry35Ab1 proteins and the genetic material necessary for their production (PHP17662 T-DNA) in 
event DAS-59122–7 corn (OECD Unique Identifier: DAS-59122–7), PC code: 006490. Available 
from http://www.epa.gov/oppbppd1/biopesticides/pips/cry3435ab1-brad.pdf 
US EPA, 2010c. Biopesticides registration action document: Optimum® AcreMax™ B.t. corn seed 
blends. Available from http://www.epa.gov/oppbppd1/biopesticides/pips/bt-seed-blends.pdf 
US EPA, 2011a. Updated BPPD IRM review of reports of unexpected Cry3Bb1 damage, Monsanto‘s 
2009 corn rootworm monitoring report, and revised corn rootworm resistance monitoring plan for 
MON 88017, MON 88017 x MON 810, MON 863, MON 863 x MON 810, MON 89034 x TC1507 
x MON 88017 x DAS-59122–7, and MON 89034 x MON 88017 (EPA Reg. Nos. 524–551, 524–
552,  524–528,  524–545,  and  68467–7);  MRIDs  478846–01  and  478875–03.  Available  from 
https://motherjones.com/files/epa-hq-opp-2011–0922–0003.pdf 
US EPA, 2011b. Biopesticides registration action document: MON 89034 x TC1507 x MON 88017 x 
DAS-59122–7  (SmartStax®)  B.t.  corn  seed  blend.  Available  from 
http://www.epa.gov/oppbppd1/biopesticides/pips/smartstax-seedblend.pdf 
Vachon  V,  Laprade  R,  Schwartz  JL,  2012.  Current  models  of  the  mode  of  action  of  Bacillus 
thuringiensis insecticidal crystal proteins: a critical review. Journal of Invertebrate Pathology, 111, 
1–12. 
van  de  Wiel  CCM,  Lotz  LAP,  2006.  Outcrossing  and  coexistence  of  genetically  modified  with 
(genetically)  unmodified  crops:  a  case  study  of  the  situation  in  the  Netherlands.  Netherlands 
Journal of Agricultural Science, 54, 17–35. 
van de Wiel CCM, Groeneveld RMW, Dolstra O, Kok EJ, Scholtens IMJ, Thissen JTNM, Smulders 
MJM, Lotz LAP, 2009. Pollen-mediated gene flow in maize tested for coexistence of GM and non-
GM crops in the Netherlands: effect of isolation distances between fields. Netherlands Journal of 
Agricultural Science, 56, 405–423. 
van de Wiel CCM, van den Brink L, Bus CB, Riemens MM, Lotz LAP, 2011. Crop volunteers and 
climate change. Effects of future climate change on the occurrence of maize, sugar beet and potato 
volunteers  in  the  Netherlands.  COGEM  report  (CGM  2011–11).  Available  from 
http://www.cogem.net/showdownload.cfm?objectId=912F0063–1517–64D9-
CC99711A575E5755&objectType=mark.hive.contentobjects.download.pdf Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
 
103  EFSA Journal 2013;11(3):3135 
van den Eede G, Aarts H, Bukh HJ, Corthier G, Flint HJ, Hammes W, Jacobsen B, Midtvedt T, van 
der Vossen J, von Wright A, Wackernagel W, Wilcks A, 2004. The relevance of gene transfer to 
the safety of food and feed derived from genetically modified (GM) plants. Food and Chemical 
Toxicology, 42, 1127–1156. 
van Frankenhuyzen K, 2009. Insecticidal activity of Bacillus thuringiensis crystal proteins. Journal of 
Invertebrate Pathology, 101, 1–16. 
van Rozen K, Ester A, 2010. Chemical control of Diabrotica virgifera virgifera LeConte. Journal of 
Applied Entomology, 134, 376–384. 
Vogler A, Wettstein-Bättig M, Aulinger-Leipner I, Stamp P, 2009. The airborne pollen flow of maize 
(Zea mays L.) in a multi-crop designed field plot. Agricultural and Forest Meteorology, 10, 1776–
1780. 
Vojtech E, Meissle M, Poppy GM, 2005. Effects of Bt maize on the herbivore Spodoptera littoralis 
(Lepidoptera: Noctuidae) and the parasitoid Cotesia marginiventris (Hymenoptera: Bracondiae). 
Transgenic Research, 14, 133–144.  
Wan  P,  Huang  Y,  Tabashnik  BE,  Huang  M,  Wu  K,  2012. The  Halo  effect:  suppression  of  pink 
bollworm on non-Bt cotton by Bt cotton in China. PLoS ONE, 7, e42004. 
Warren RL, Freeman JD, Levesque RC, Smailus DE, Flibotte S and Holt RA, 2008. Transcription of 
foreign DNA in Escherichia coli. Genome Research, 18, 1798–1805. 
Webster  EA,  Tilston  EL,  Chudek  JA,  Hopkins  DW,  2008.  Decomposition  in  soil  and  chemical 
characteristics of pollen. European Journal of Soil Science, 59, 551–558. 
Wesseler J, Fall EH, 2010. Potential damage costs of Diabrotica virgifera virgifera infestation in 
Europe – the 'no control'. Journal of Applied Entomology, 134, 385–394. 
Whalon ME, Mota-Sanchez D, Hollingworth RM, Duynslager L, 2013. Arthropod pesticide resistance 
database.  Michigan  State  University,  2004–2013.  Available  from 
http://www.pesticideresistance.org 
Widmer F, Seidler RJ, Donegan KK, Reed GL, 1997. Quantification of transgenic plant marker gene 
persistence in the field. Molecular Ecology, 6, 1–7. 
Wilhelm R, Sanvido O, Castanera P, Schmidt K, Schiemann J, 2010. Monitoring the commercial 
cultivation  of  Bt  maize  in  Europe  –  conclusions  and  recommendations  for  future  monitoring 
practice. Environmental Biosafety Research, 8, 219–225. 
Wilkinson MJ, Sweet J, Poppy GM, 2003. Risk assessment of GM plants: avoiding gridlock? Trends 
in Plant Sciences, 8, 208–212. 
Wilson TA, Hibbard BE, 2004. Host suitability of nonmaize agroecosystem grasses for the Western 
corn rootworm (Coleoptera: Chrysomelidae): Environmental Entomology, 33, 1102–1108. 
Wolfenbarger  LL,  Naranjo  SE,  Lundgren  JG,  Bitzer  RJ,  Watrud  LS,  2008.  Bt  crop  effecs  on 
functional guilds of non-target arthropods: a meta-analysis. PLoS ONE, 3, e2118. 
Wolt  JD,  Peterson  RKD,  2010.  Prospective  formulation  of  environmental  risk  assessments: 
probabilistic  screening  for  Cry1A(b)  maize  risk  to  aquatic  insects.  Ecotoxicological  and 
Environmental Safety, 73, 1182–1188. 
Wraight  CL,  Zangerl  AR,  Carroll  MJ,  Berenbaum  MR,  2000  Absence  of  toxicity  of  Bacillus 
thuringiensis  pollen  to  black  swallowtails  under  field  conditions.  Proceedings  of  the  National 
Academy of Sciences of the United States of America, 97, 7700–7703. 
Wright RJ, Scharf ME, Meinke LJ, Zhou X, Siegfried BD, Chandler LD, 2000. Larval susceptibility of 
an  insecticide-resistant  western  corn  rootworm  (Coleoptera:  Chrysomelidae)  population  to  soil 
insecticides: laboratory bioassays, assays of detoxication enzymes, and field performance. Journal 
of Economic Entomology, 93, 7–13. Scientific Opinion on maize 59122 for food and feed uses, import, processing and cultivation 
 
104  EFSA Journal 2013;11(3):3135 
Xue  K,  Serohijos  RC,  Devare  M,  Thies  JE,  2011.  Decomposition  rates  and  residue-colonizing 
microbial communities of Bacillus thuringiensis insecticidal protein Cry3Bb-expressing (Bt) and 
non-Bt corn hybrids in the field. Applied and Environmental Microbiology, 77, 839–846.  
Yanni SF, Whalen JK, Ma BL, 2010. Crop residue chemistry, decomposition rates, and CO2 evolution 
in  Bt  and  non-Bt  corn  agroecosystems  in  North  America:  a  review.  Nutrient  Cycling  in 
Agroecosystems, 87, 277–293. 
Yanni SF, Whalen JK, Ma BL, 2011. Field-grown Bt and non-Bt corn: yield, chemical composition, 
and decomposability. Agronomy Journal, 103, 486–493. 
Zhao JZ, Cao J, Collins HL, Bates SL, Roush RT, Earle ED, Shelton AM, 2005. Concurrent use of 
transgenic plants expressing a single and two Bacillus thuringiensis genes speeds insect adaptation 
to pyramided plants. Proceedings of the National Academy of Sciences of the United States of 
America, 102, 8426–8430. 
Zukoff SN, Bailey W, Ellersieck MR, Hibbard BE, 2012. Western corn rootworm larval movement in 
SmartStax seed blend scenarios. Journal of Economic Entomology, 104, 1248–1260. 
Zurbrügg C, Hönemann L, Meissle M, Romeis J, Nentwig W, 2010. Decomposition dynamics and 
structural plant components of genetically modified Bt maize. Transgenic Research, 19, 257–267. 